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SUMMARY 


The  area  located  immediately  south,  southwest  and 
west  of  the  Markdale  sewage  lagoon  consists  of  gravel  and 
sand  with  some  silty  and  clayey  sections.   These  granular 
deposits  are  of  glaciof luvial  origin.   A  portion  of  this 
land  about  6  0  to  7  0  m  wide  situated  along  the  Rocky  Saugeen 
River  is  wet  with  small  sections  of  cattail  environment, 
consisting  of  peat  deposits.   This  wet  area  along  the  Rocky 
Saugeen  River  is  considered  a  discharge  zone  of  the  shallow 
water  table  and  bedrock  aquifer  systems.  The  coefficient  of 
permeability  of  sand  and  gravel  deposits,  15  m  in 
thickness  is  about  0.4  cm/s. 

In  general,  the  width  of  the  area  between  the 
lagoon  and  the  Rocky  Saugeen  River  is  about  30  0  m  and  it 
offers  an  excellent  opportunity  to  achieve  tertiary  treat- 
ment of  sewage  lagoon  effluent  by  infiltrating  the  effluent 
into  the  porous  sand  and  gravel  deposits. 

A  rapid  infiltration  study  was  conducted  to  deter- 
mine the  feasibility  of  sewage  lagoon  effluent  treatment  by 
means  of  groundwater  recharge.   If  feasible,  it  would 
eliminate  direct  discharge  of  the  effluent  into  the  Rocky 
Saugeen  River  and  thus  maintain  its  high  quality. 

The  study  lasted  from  October  19  to  November  26, 
1979  during  which  time  approximately  8,000  m3  of  sewage 
lagoon  effluent  was  infiltrated  into  the  granular  deposits. 
In  actuality  only  27  days  were  inundation  periods  during 
which  the  average  recharge  rate  was  3.46  L/s.   A  conser- 
vative calculation  indicates  an  average  hydraulic  loading  of 
24.91  m3/d/m2 . 
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The  field  installation  consisted  of  a  recharge 
basin  with  a  controlled  infiltration  area  (12  m2  )  .   Numerous 
observation  wells  and  test  pits  were  located  at  strategic 
locations  in  close  vicinity  to  the  infiltration  basin.   They 
were  used  to  measure  water  level  response  to  infiltration 
and  to  obtain  water  samples  for  qualitative  analyses. 

A  slight  reduction  of  infiltration  rate  appears  to 
be  due  to  gradual  clogging  of  the  bottom  of  the  infiltration 
basin  caused  by  deposition  of  suspended  solids  present  in 
the  sewage  lagoon  effluent.   This  clogging,  generated  by 
physical  factors, affected  only  very  shallow  soils  (5  cm)  at 
the  bottom  of  the  basin. 

The  results  of  qualitative  analyses  indicated  that 
the  dissolved  reactive  phosphorous  was  reduced  to  background 
levels  a  short  distance  from  the  infiltration  basin.   The 
components  of  the  nitrogen  cycle  were  converted  into  nitrate 
and  a  considerable  amount  of  nitrogen  was  reduced  at  a 
relatively  short  distance  from  the  infiltration  basin. 

Other  chemical  constituents  present  in  the  sewage 
lagoon  effluent  were  attenuated  by  the  subsurface  environ- 
ment to  various  degrees  depending  partially  on  the  distances 
from  the  infiltration  basin. 

Chemical  constituents  of  the  sewage  lagoon  eff- 
luent which  may  reach  the  groundwater  discharge  area  will 
undergo  further  attenuation  by  biological  and  micro- 
biological processes  while  travelling  overland  through  wet 
environments  before  entering  the  Rocky  Saugeen  River. 

The  quality  of  this  small  portion  of  the  sand  and 
gravel  aquifer  which  received  waste  water  from  the  lagoon 
during  the  rapid  infiltration  study  can  be  allowed  to  deter- 
iorate since  it  has  no  prospective  use  in  the  future. 
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In  summary,  the  results  of  this  study  are  quite 
encouraging.   They  provide  sufficient  background  information 
and  preliminary  criteria  for  the  design  of  an  operational 
system  with  infiltration  basins. 
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INTRODUCTION 


This  report  summarizes  the  results  of  a  study  of 
sewage  lagoon  effluent  treatment  by  utilizing  mainly  hydro- 
geological,  biological  and  hydrological  environments.   Two 
basic  aspects  are  briefly  addressed  in  this  study;  (a) 
hydraulics  of  the  receiving  aquifer  and  (b)  renovation  of 
the  effluent  while  moving  through  granular  materials. 

Other  aspects  of  a  recharge  system  such  as  design 
criteria,  infiltration  system  management,  winter  operating 
constraints,  etc.  are  also  discussed. 


Objectives  of  the  Study 


The  main  objective  of  this  study  was  to  examine 
the  possibility  of  utilizing  hydrogeological  environments 
for  treatment  of  sewage  lagoon  effluent  by  means  of  a  re- 
charge basin. 

Furthermore,  the  results  of  the  study  (if  favour- 
able) would  be  useful  in  establishing  preliminary  design 
criteria  for  a  full  scale  operational  system  to  treat  sewage 
lagoon  effluent  by  rapid  infiltration. 


Background 


The  Village  of  Markdale  is  presently  serviced  by  a 
facultative  one-cell  lagoon  system  5.67  ha  in  size  (Figure  1 
and  Photo  1).   The  lagoon  effluent  is  discharged  in  the 
spring  and  fall  to  the  Rocky  Saugeen  River  located  about  170 
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•      Bedrock  well  with  MOE  Otpb-6  Test  pit  (backfilled) 
wel 1  record  number 

06*593   Municipal  well  //  1  °ow-22  Observat  ion  well 

fVi-,-14   Municipal  well  //  2  . .      c    .     . 

Lij4534        r  r-       i   Area  of  intensive 

T      Surface  water  sampling  |   j   study  detailed  in 
poi  n t  Fi  gure  2 

V      Stream  gauge  station  ^    Spring 

y-  Rain  gauge  station 


FIGURE  1.   Location  and  surficial  geology  map. 
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m  from  the  lagoon  (Photo  2).   From  the  control  manhole,  the 
effluent  is  directed  by  a  131  m  long  20.32  cm  diameter 
buried  pipe  and  subsequently  by  an  open  ditch  to  the  River 
( Figure  1 ) . 

A  water  quality  survey  of  the  Rocky  Saugeen  River 
carried  out  by  staff  of  the  Ministry  of  the  Environment 
during  the  fall  discharge  of  the  lagoon  effluent  (MOE,  1979) 
showed  a  measurable  effect  on  the  river  water  quality  to  a 
considerable  distance  downstream  from  the  sewage  outfall. 

The  Rocky  Saugeen  River  is  a  high  quality  stream 
which  supports  salmonid  species.   Therefore,  there  are  con- 
cerns that  expansion  of  the  present  mode  of  lagoon  operation 
may  have  a  significant  impact  on  the  stream  water  quality. 
In  view  of  this,  coupled  with  the  fact  that  the  present 
sewage  treatment  facilities  are  at  capacity,  this  Ministry 
requested  that  the  Village  of  Markdale  look  into  other 
options  ( exf iltration)  of  improving  sewage  treatment 
facilities. 

Subsequently,  the  Village  engaged  the  consulting 
firms,  Henderson,  Paddon  and  Associates  Limited  and  Morrison 
Beatty  Limited  to  carry  out  the  study. 

This  initial  study  by  the  Village's  consultant  was 
carried  out  in  the  summer  and  early  fall  of  1979.   When 
funds  for  the  feasibility  studies  were  exhausted,  the 
Ministry  of  the  Environment,  Southwestern  Region,  decided  to 
apply  staff  resources  to  continue  the  work  in  order  to  take 
advantage  of  the  experimental  system  that  had  been  estab- 
lished. 
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Photo  1.   A  portion  of  the  Village  of  Markdale  sewage  lagoon 
looking  east.   Village  of  Markdale  is  in  right 
background.   Pumping  equipment  is  sitting  on  the 
control  manhole  at  the  extreme  lower  right  margin. 


Photo  2.   Looking  downstream.  Rocky  Saugeen  River  immediately 
upstream  of  the  lagoon  effluent  discharge  (arrow). 


Location 


The  study  area  is  located  about  900  m  west  of  the 
Village  of  Markdale,  in  Lots  94,  95  and  96,  Concession  I 
West  of  Toronto  -  Sydenham  Road,  Glenelg  Township,  Grey 
County.   More  precisely,  the  land  of  intensive  study  is 
situated  between  the  Markdale  oxidation  pond  and  the  Rocky 
Saugeen  River  (Figures  1  and  2). 

Figures  1  and  2  also  give  the  locations  of  mon- 
itoring stations  and  field  instrumentations  used  in  this 
study. 

Access  to  the  study  area  is  provided  by  the  access 
road  to  the  sewage  lagoon  which  is  also  used  to  transport 
sand  and  gravel  extracted  from  the  pit  located  immediately 
northeast  of  the  lagoon  (Figure  1).   The  study  area  is  about 
900  m  from  the  provincial  highway  10. 

The  study  area  is  traversed  by  the  Canadian  Pac- 
ific Railway  (Toronto  -  Owen  Sound  line). 


Topography 


The  area  of  intensive  study  is  situated  on  rel- 
atively flat  ground  of  the  Rocky  Saugeen  River  valley  bot- 
tom, which  in  this  area  is  about  300  m  wide.   There  is  about 
6  m  difference  in  elevation  between  the  river  and  the  "high- 
est ground"  which  is  actually  a  very  small  ridge  running 
parallel  to  the  river  between  150  and  180  m  away.   The 
infiltration  basin  was  located  near  the  extreme  southern 
flank  of  the  ridge's  crest  (Figure  1). 
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Figure   2,      Map    showing    the   depth    to  original    water    table   and    identification   of   monitored   observation  wells    and    test    pits. 
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In  general,  the  area  between  the  river  and  this 
minute  ridge  is  overgrown  by  cedar  trees,  whereas  in  other 
sections  occasional  cedar  trees  and  willows  can  be  found 
particularly  in  the  wet  portion  {Photo  3). 


Drainage 


The  Rocky  Saugeen  River  is  deeply  incised  into  the 
local  glacial  deposits  and  any  associated  drainage  system 
and  runoff  are  directed  into  the  River  which  is  a  focus  for 
surface  and  groundwater  discharges. 

There  is  very  little  surface  water  runoff  occuring 
after  intensive  rainfall  and  snowmelt,  because  most  rainfall 
infiltrates  quickly  into  the  permeable  soil.   A  minor  stream 
rises  southeast  of  the  lagoon  fed  by  the  natural  spring-pond 
system  and  periodically  by  the  discharges  of  storm  water 
released  into  the  former  gravel  pit  some  130  m  away 
(Figure  1).   After  passing  the  CPR  tracks,  this  flow  dis- 
perses into  a  mucky,  wet  environment. 

A  second  permanent  pond  is  located  immediately 
northwest  of  the  sewage  lagoon  (Figure  1).   This  pond  is  an 
integral  part  of  a  low  lying  wet  and  occasionally  water 
covered  strip  of  land  about  25  m  wide  running  parallel  to 
the  CPR  tracks,  but  on  the  opposite  side  of  the  tracks  from 
the  lagoon. 

Another  wet  and  low  lying  area,  overgrown  by  cedar 
trees  about  60  to  70  m  wide,  is  situated  along  the  Rocky 
Saugeen  River.   In  this  section  of  land,  black  peat  and 
small  cattail  environments  are  commonly  found  (Photo  4). 
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Photo  3.  h   portion  of  the  study  area  looking  west,  with  the 
charge  basin  at  the  extreme  left  -  centre.   The 
boundary  between  coniferous  and  decidious  trees  at 
larks  the  position  of  the  Rocky  Saugeen  River 


•'.  section  about  60  m   wide  consisting  of   wet  peat 

posits  with  minute  cattail  environments  are 
present  along  the  Rocky  Saugeen  River. 


Previous  Investigations 


In  connection  with  the  proposed  sewage  system 
construction,  William  Trow  Associates  Limited  (1966)  in- 
vestigated geotechnical  conditions  in  the  Village  of  Mark- 
dale  and  at  the  property  now  occupied  by  the  sewage  lagoon. 

Hydrology  Consultants  Limited  (1973)  carried  out 
test  pumping  and  an  evaluation  of  hydraulics  of  two  mun- 
icipal wells  which  are  now  water  sources  to  the  Village  of 
Markdale. 

Preliminary  reconaissance  work,  including  excava- 
tion of  16  test  pits  and  construction  of  all  field  installa- 
tions for  groundwater  monitoring  except  for  TP-1  to  TP-5 
inclusive,  staff  gauges  and  rain  gauge  was  carried  out  by 
Morrison  Beatty  Limited  (1979).   This  work  also  included  a 
24-hour  recharge  test  taking  water  from  the  Rocky  Saugeen 
River  as  a  recharge  source  and  a  6-hour  infiltration  test 
using  sewage  lagoon  effluent  pumped  directly  from  the 
lagoon.   The  results  of  their  efforts  were  summarized  in  a 
brief  report. 


Field  Work 


The  field  investigation  lasted  from  October  18, 
1979  to  November  26,  1979.   The  field  work  among  other 
things  included: 

1.    Installation  of  two  staff  gauges,  rain  gauge  and 
construction  of  five  test  pits  left  open. 
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2.  Pumping  of  the  sewage  lagoon  effluent  by  a  gasoline 
driven  pump  into  the  infiltration  (recharge)  basin. 

3.  Very  frequent  sewage  flow  measurements  and  maintaining 
and  recording  of  a  constant  height  of  wastewater  in  the 

infiltration  basin. 

4.  Frequent  water  level  (at  least  twice  a  day)  measure- 
ments in  observation  wells  and  test  pits. 

5.  Daily  checking  of  rain  gauge  station  and  staff  gauge  in 
the  Rocky  Saugeen  River. 

6.  Collection  of  numerous  water  and  wastewater  samples  for 
qualitative  analyses. 

7.  Collection  of  soil  samples  for  mechanical  analyses. 

8.  Performing  a  dye  test  in  order  to  establish  underground 
retention  times  of  the  renovated  water. 


Field  Installations 


The  location  of  the  field  installations  is  given 
in  Figures  1  and  2.   Stratigraphy,  depth  and  some  details 
concerning  the  construction  of  observation  wells  and  test 
pits  is  given  in  Appendix  A. 

A  recharge  basin  located  about  160  m  distance  from 
the  pump  intake  was  specifically  constructed  for  the  purpose 
of  this  study.   The  side  and  marginal  sections  of  the  basin 
bottom  were  lined  with  polyethylene  so  that  the  dimensions 
of  the  infiltration  area  were  3  X  4  m  (12  m2 ) .   The  slope 
ratio  of  the  side  was  1.5:1  and  depth  was  0.8  3  m. 
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About  20  to  30  cm  of  the  original  granular  material 
at  the  bottom  of  the  recharge  basin  was  replaced  with  borrowed, 
well— sorted  sand  and  gravel. 

The  hypsometric  position  of  the  infiltration  basin 
and  its  relationship  with  the  nearby  piezometers  is  shown  in 
Figures  3  and  4. 

There  were  11  observation  wells  (OW-1  to  OW-10 
inclusive  and  OW-1 8)  constructed  using  dry  augering  tech- 
niques, all  located  in  the  vicinity  (positioned  in  a  cross- 
like fashion)  of  the  recharge  basin.   Other  observation 
wells  installed  with  the  help  of  backhoe  and  five  open  test 
pits  (TP-1  to  TP-5  constructed  on  October  29,  1979)  were 
also  located  in  close  proximity  to  the  basin  (Figure  2). 

One  observation  well  (OW-1)  along  with  a  staff 
gauge  were  constructed  right  in  the  infiltration  basin. 

All  piezometers  were  made  of  PVC  pipe  5.71  cm  in 
diameter  with  1  to  2  m  slotted  sections  at  the  bottom.   The 
length  of  a  single  slot  was  about  15  mm,  width  of  slots 
about  1  mm  and  slot  spacing  about  7  5  mm  for  OW-1  to  OW-10 
and  OW-1 8.   For  the  rest  of  the  observation  wells  the  slot 
width  and  spacing  were  irregular.   A  protective  cup  was 
placed  at  the  bottom  of  the  pipe  as  well  as  a  bentonite  clay 
plug  near  the  surface  for  OW-1  to  OW-10  and  OW-18. 

The  majority  of  observation  wells  (OW-1  to  OW-18 
except  OW-1 7  which  was  dry)  and  test  pits  (TP-1  to  TP-5) 
were  frequently  used  to  measure  the  hydraulic  response  of 
the  water  table  aquifer  to  recharge,  and  they  also  provided 
access  to  the  water  table  to  obtain  water  samples  for  quali- 
tative analyses. 
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Figure  4.   Vertical  cross-section  B-B '  showing  geology  and  hydrogeology  in  the  study  area  and  hypsometric  position 
of  the  recharge  basin. 
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A  flowmeter  was  placed  a  few  metres  away  from  the 
effluent  outfall  into  the  recharge  basin.   A  temporary 
rainfall  gauge  was  installed  at  the  site  as  well  as  two 
staff  gauge  stations?  one  was  installed  in  the  recharge 
basin  and  the  second  in  the  Rocky  Saugeen  River,  under  the 
CPR  bridge  (Figure  1). 


15. 


GEOLOGY  AND  HYDROGEOLOGY 


Bedrock  Geology 


Nowhere  in  the  study  area  does  the  bedrock  out- 
crop.  In  the  southwestern  section  of  the  Village  of  Mark- 
dale  at  municipal  well  No.  2  the  bedrock  is  found  near  the 
ground  surface  overlain  by  about  1.2  m  of  granular  deposits. 
The  bedrock  within  the  study  area,  and  in  the  wider  area  as 
well,  is  of  Middle  and  Lower  Silurian  age.   It  has  been 
ascribed  to  the  Guelph  Formation  which  consists  of  dolomite. 
The  dolomite  is  typically  massive  bedded,  white,  blue  or 
brown  in  colour,  fine  to  medium  crystalline  and  highly 
porous. 

The  Guelph  Formation  may  be  seen  in  the  Rocky 
Saugeen  River  bank  at  the  intersection  of  Grey  County  Road 
12  and  associated  side  road  some  1500  m  from  the  study  area. 

Figures  3  and  4  show  the  hypsometric  position  of 
the  bedrock  within  the  study  area  and  in  the  broader  area 
outside  of  this  investigation.   Information  from  the  geo- 
physical survey  indicates  that  the  bedrock  in  the  study  area 
is  overlain  by  13  to  15  m  of  glacial  deposits. 


Surficial  Deposits 


The  distribution  of  unconsolidated  deposits  is 
given  in  Figure  1  (inset  map).   Numerous  excavated  test  pits 
and  boreholes  augered  in  the  study  area  confirm  that  the 
overburden  basically  consists  of  sand  and  gravel,  with  minor 
silt  and  clay  (Appendices  A  and  B;  Photos  5  and  6).   In  some 
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Silty  sand  and 
gravel  exposed  in 
the  test  pit 
excavated  at  OW-1. 


Photo  6.   Sand  and  gravel  with  very  little  silt  at  OW-20. 
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sections,  along  with  sand  and  gravel  there  are  cobbles  with 
minor  boulders.   Granular  deposits  of  reduced  permeability 
consisting  of  silty  sand  and  gravel  with  minor  clay  frac- 
tions are  present  in  the  low  area  along  the  CPR  tracks 
{opposite  from  the  lagoon)  and  on  both  sides  of  the  sewer 
outflow  line  (Figure  1).   This  material  is  most  likely 
present  in  the  lowland  area  along  the  Rocky  Saugeen  River 
where  it  is  overlain  by  peat  deposits  (Figure  4,  Photo  4). 

Three  boreholes  (OW-3,  OW-6  and  OW-7)  intercepted 
poorly  permeable  material  (clayey  silt  till  with  some  pebbles) 
at  a  depth  of  4.9  and  5.8  m  respectively.   This  initial 
information  suggested  that  the  sand  and  gravel  deposits  may 
be  underlain  by  poorly  permeable  material  separating  it  from 
the  bedrock.   However,  a  subsequent  geophysical  resistivity 
survey  (electrical  sounding)  carried  out  in  May,  1980 
indicated  that  the  surficial  deposits  mainly  consist  of  sand 
and  gravel  (Appendix  C).   Directly  overlying  the  bedrock 
formation,  these  deposits  are  about  15  m  thick  in  the  study 
area.   Because  it  is  not  possible  to  distinguish  between 
sandy  silt  till  and  sand  and  gravel  on  the  basis  of  resist- 
ivity survey,  it  is  quite  conceivable  that  a  silty  till 
underlies  the  sand  and  gravel,  thus  separating  it  from  the 
bedrock.   It  is  also  possible  that  sections  of  poorly  per- 
meable material  less  than  3  m  in  thickness  which  cannot  be 
delineated  using  the  electrical  sounding  technique  may  be 
present  within  the  deeper  portion  of  glacial  deposits. 
Information  from  three  boreholes  (OW-3,  OW-6,  and  OW-7, 
Appendix  A)  support  this  hypothesis. 

The  peat  deposit  is  present  in  the  low  lying  area 
along  the  Rocky  Saugeen  River  in  the  zone  about  6  0  to  7  0  m 
wide  (Photo  4).   Its  thickness  is  unknown,  however,  a  test 
hole  dug  in  the  present  lagoon  area  reported  the  presence  of 
1.8  m  of  peat. 
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Hydrogeology  and  Groundwater  Movement 


Bedrock  Aquifer  System 


The  porous  bedrock  dolomite  constitutes  a  high 
capacity  aquifer  system  which  is  the  source  for  two  mun- 
icipal wells  and  for  many  domestic  wells  in  the  broad  area 
of  investigation. 

Permeability  of  the  bedrock  formation  is  due 
primarily  to  chemical  dissolution  of  the  dolomite  along 
ancient  weathered  zones,  fractures  and  bedding  planes. 
Because  this  dissolution  can  produce  a  large  variety  of 
opening  sizes  and  patterns,  permeabilities  in  the  bedrock 
vary  widely.   In  general,  the  bedrock  appears  to  be  most 
permeable  within  6  m  of  its  upper  surface. 

In  the  broader  area  of  investigation  (inset  map  in 
Figure  1)  the  potentiometric  head  in  the  bedrock  aquifer,  as 
obtained  from  water  well  records,  is  higher  than  the  Rocky 
Saugeen  River  bed.  This  strongly  suggests  that  the  ground- 
water movement  in  the  bedrock  is  towards  the  river  from  both 
sides  with  the  river  being  the  discharge  zone  of  the  bedrock 
aquifer  system. 


Sand  and  Gravel  Aquifer 


All  boreholes  penetrated  into  the  saturated  zone 
in  the  surficial  deposits.   Only  three  test  pits  were  not 
deep  enough  to  reach  water  table  (OW-17,  OW-19  and  OW-20). 
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Depths  to  water  table  in  the  area  of  intensive 
study  vary  considerably  depending  on  the  topographic  con- 
figuration.  In  the  small  ridge  area  northwest  of  the  re- 
charge basin  the  depth  to  water  table  is  over  5.5  m  (Figure 
2)  whereas  in  the  low  lying  area  along  the  river,  it  is  at 
the  ground  surface. 

Groundwater  flow  direction  in  the  shallow  water 
table  aquifer  is  strongly  influenced  by  topography  (Figure 
5).   The  flow  is  to  the  southwest  with  the  Rocky  Saugeen 
River  being  the  focal  point  -  the  discharge  zone  of  both  the 
overburden  and  bedrock  aquifer  systems. 


Permeability  of  Surficial  Deposits 


Two  basic  parameters  describe  porous  media: 
porosity  and  permeability.   Porosity  is  "the  ratio  of  pore 
volume  to  the  total  volume  of  a  given  sample  of  material", 
whereas  permeability  "is  a  measure  of  the  ease  with  which 
fluids  pass  through  a  porous  material"  (Davis,  1969). 

The  porosity  of  unconsolidated  deposits  depends  on 
their  packing  arrangements,  size  distribution  and  shape. 
The  porosity  of  sand  and  gravel  is  20  to  35  percent  (Todd, 
19  59)  . 

The  intrinsic  or  specific  permeability  of  a  porous 
medium  to  a  fluid  is  given  by 

QU  /  dhx-1 


k  =  —  (1) 

AJG  \  dl/ 

Where  Q  is  the  fluid  volume  discharged  per  unit  time  through 
a  porous  medium  of  cross-sectional  area  A,  \ju   is  the  dynamic 
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Figure  5.   Potentiometric  map  of  water  table  aquifer  prior  to  rapid  infiltration. 
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viscosity  of  the  fluid,  <?  is  the  fluid  density,  G  is  the 
accelaration  due  to  gravity,  and  dh/dl  is  the  hydraulic 
gradient  in  the  direction  of  flow  (Davis,  1969).   The 
intrinsic  permeability,  k,  has  dimensions  of  L2  and  is  a 
function  of  the  geometric  properties  of  the  medium.   Since 
hydrogeologists  are  mainly  involved  with  water  as  the  fluid, 
a  more  commonly  used  hydrogeologic  variable  is  the 
hydraulic  conductivity,  K.   If  the  terms  in  Equation  (l) are 
rearranged  the  hydraulic  conductivity  may  be  defined  as: 

K  -  kjG/n  (2) 

which  is  often  loosely  referred  to  by  hydrogeologists  as  the 
"permeability",  i.e.,  the  coefficient  of  permeability,  and 
which  has  dimensions  L/t. 

Most  analyses  of  groundwater  flow  in  some  way 
involve  a  principle  known  as  Darcy's  law,  which  has  already 
been  stated  in  one  form  in  the  definition  of  intrinsic 
permeability  in  Equation  [1).       It  can  be  rewritten  as: 

q . .« tm 

\dlj  (3) 

where  q=Q/A  in  Equation  (1]  and  is  known  as  the  Darcy  or 
filter  velocity,  or  the  specific  discharge,  and  K  is  the 
hydraulic  conductivity  in  the  1  direction.   The  term  q  is 
not  the  average  pore  water  velocity,  but  a  seepage  flux  and 
has  the  units  L3/L2t. 

In  this  study  a  common  method,  the  Hazen  formula, 
was  used  to  estimate  the  intergranular  hydraulic  conduc- 
tivity of  the  sand  and  gravel  deposits.   This  method  is 
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Table  1.   Selected  values  of  the  coefficient  of  permeability 
of  surficial  deposits  determined  by  the  Hazen 
formula 


Location* 
source 


TP-1 
TP-1 
TP-1 


Depth 

(m) 


0.61 
1.22 
1.83 


Coef fie 

ient  o 

f 

permeab 

•  ility 

K(cm/s) 

0. 

56 

0. 

11 

0. 

17 

TP-2 


0.61 


0.42 


TP-3 


0.46 


1.22  x  10 


-3 


TP-4 
TP-4 
TP-4 


0.4 

0.7  3 
1.22 


0.56 
0.40 
0.43 


*  Location  is  shown  in  Figure  2 

based  on  the  empirical  equation  developed  by  Hazen  (1893). 
Although  the  relation  has  been  refined  in  recent  years,  the 
Hazen  formula 


K  (cm/s)  *  c<d10) 


(4) 


essentially  relates  the  hydraulic  conductivity,  K,  to  the 
effective  grain-size  diameter,  &lfl,  by  means  of  the  co- 
efficient C  (which  varies  from  about  50  cm"  s    to  150 
cm-1s"1).   The  hydraulic  conductivity  is  then  proportional 
to  the  effective  grain  size  of  the  deposit  and  is  also  a 
function  of  the  degree  of  uniformity  of  the  particle  size. 
Since,  as  a  rule,  the  Hazen  formula  gives  higher  values  of 
permeability  for  clean  gravel  and  sand  deposits,  the  empirical 
coefficient  C  =  100  was  used  in  this  calculation. 


23 


The  grain  size  distribution  of  the  particles 
comprising  surficial  deposits  in  the  study  area  is  given  in 
Appendix  B.   These  data  were  used  to  calculate  the  co- 
efficient of  permeability  applying  the  Hazen  formula.   The 
results  are  given  in  Table  1.   It  can  be  seen  from  Table  1 
that  values  for  hydraulic  conductivity  are  relatively  high. 


Water  Use  in  the  Area 


The  water  wells  for  which  records  are  on  file  with 
this  Ministry  are  indicated  in  Figure  1  (inset  map).   A 
summary  of  the  water  well  records  for  these  wells  is  given 
in  Appendix  D.   Information  from  water  well  records  in- 
dicates that  the  confined  bedrock  aquifer  system  is  a  source 
of  water  for  these  wells. 

There  are  two  municipal  wells  which  supply  water 
to  the  Village  of  Markdale  and  they  are  the  nearest  wells  to 
the  study  area  (about  1070  m  distance).   Information  from 
water  well  records  for  these  two  wells  indicate  that  water 
was  encountered  at  several  depths  in  the  bedrock  in  both 
municipal  wells  (Figure  3).   The  pumping  water  levels  in 
both  wells  appear  to  have  reached  dynamic  hydraulic  equili- 
brium condition  with  the  lowest  pumping  water  level  at 
depths  of  about  27  m  in  both  municipal  wells.   Water  level 
recovery  is  rapid  after  the  well  production  is  stopped, 
indicating  high  capacities  of  both  wells. 

Since  the  municipal  wells  are  located  at  relat- 
ively short  distances  from  the  rapid  infiltration  area, 
assurances  should  be  made  that  water  quality  in  these  two 
wells  and  in  the  bedrock  in  general,  remains  unaffected. 
The  likelihood  that  contamination  of  municipal  wells  would 
occur  is  unlikely  because: 
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1.  The  thickness  of  surficial  deposits  (saturated  zone) 
overlaying  the  bedrock  is  substantial. 

2.  There  is  a  well  defined  hydraulic  gradient  in  the 
shallow  aquifer  towards  the  river  with  prevailing 
lateral  groundwater  movement  and  the  river  is  the 
ultimate  groundwater  discharge  zone. 

3.  There  is  an  upward  gradient  in  the  bedrock  aquifer 
constituting  the  discharge  zone  of  groundwater  flow  in 
the  bedrock. 

Nevertheless,  several  boreholes  should  be  drilled 
in  the  study  area  and  completed  in  the  bedrock  in  order  to 
check  findings  obtained  using  geophysical  techniques.   These 
bedrock  wells  may  be  used  in  the  future  to  monitor  water 
quality  in  the  bedrock  aquifer. 
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INFILTRATION  STUDIES 


Procedure 


Sewage  lagoon  effluent  was  directly  pumped  into 
the  infiltration  basin  by  a  gasoline-powered  pump.   The 
pumping  equipment  was  placed  on  the  lagoon  berm,  on  the 
concrete  top  of  the  control  manhole,  whereas  the  pump  intake 
was  set  into  the  sewage  outfall  chamber  (Photo  7).   The 
speed  of  the  pump  was  throttled  to  keep  constant  head  in  the 
infiltration  basin.   Because  of  its  tendency  to  fail,  the 
pump  needed  close  attendance;  therefore,  whenever  the  pump 
was  running,  its  performance  was  frequently  checked,  gen- 
erally between  6:00  and  23:00  hours. 

Using  a  stop  watch,  an  instant  flow  rate  was 
obtained  by  reading  the  quantity  of  flow  from  the  flowmeter 
(usually  recording  time  for  flow  of  100  gallons).   The  stop 
watch  and  a  calibrated  container  were  also  frequently  used 
to  check  the  reliability  of  the  flowmeter  which  also  gave  a 
cumulative  flow  measurement. 

The  flow  rate  measurements,  hydraulic  head  of  the 
effluent  in  the  recharge  basin  (staff  gauge),  and  ground- 
water level  in  the  observation  well  1  (OW-1)  were  considered 
the  bench-mark  parameters  of  the  study  (Photo  8).   They 
were,  therefore,  the  subject  of  watchful  attendance  and 
measurements.   For  example,  the  only  time  period  when  the 
pump  and  basin  area  were  not  closely  attended  was  between 
23:00  and  5:00  hours  the  following  morning. 

Water  levels  were  frequently  measured  in  the 
observation  wells  and  the  open  test  pits.   Numerous  water 
samples  from  groundwater  and  surface  water  sources  and  of 
sewage  lagoon  effluent  were  collected  for  qualitative 
analyses. 
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Table  2.   Data  pertaining  to  the  recharge  basin  conditions  and  infiltration  rates, 


Basin  condition     Time  period 


Area  of  infiltration 
in  basin 


Average  rate  of  infiltration 


Lining   Hydraulic 
head  (m) 


Contact 


Area 


L/s/ma 


m3/d/ma 


Lined  on  Oct.  19,  1979  to 

sides      0.61     Nov.  22,  1979       Bottom       12 


0.28 


24.19       n, 

-4 


No  Nov.  22,  1979 

lining      0.4  to 

Nov.  26,  1979 


Bottom       12 


Sides 


4.4 


0.24 


0.26 


20.74 


22.46 


This  table  should  be  read  in  conjunction  with  data  shown  in  Figure  6. 
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Infiltration  Rates 


A  continuous  controlled  infiltration  study  com- 
menced on  October  19,  1979  and  continued  with  some  dry  up 
(resting)  periods  until  November  26,  1979.   Some  of  these 
stoppages  were  purposely  planned,  while  a  few  of  them  were 
caused  by  failure  of  the  pumping  equipment. 

In  actuality,  there  were  only  27  days  of  infil- 
tration during  which  period  about  8,020  m3  of  wastewater 
were  infiltrated.   This  value  was  obtained  from  the  spot 
measurements  using  a  stop  watch  and  a  calibrated  container 
for  the  initial  six  days  of  infiltration  (before  the  flow- 
meter was  installed)  and  from  the  accumulative  values  as 
recorded  by  the  flowmeter  for  the  remainder  of  the  study 
period.   Although  not  very  reliable,  an  evaluation  of  the 
flowmeter  performance  showed  that  its  resulting  flow  data 
should  be  increased  by  at  least  five  percent.   This  correc- 
tion of  flow  has  been  included  in  the  above  calculation. 

Instantaneous  flow  measurements  using  both  stop 
watch  and  flowmeter  on  one  hand,  and  a  calibrated  container 
and  stop  watch  on  the  other  are  plotted  in  Figure  6.   It  is 
apparent  that  flow  values  reported  by  the  later  technique 
are  considerably  higher  than  the  conservative  values  re- 
corded by  the  flowmeter  and  used  in  the  above  and  the 
following  calculations.   Thus,  when  the  infiltration  re- 
ported by  the  flowmeter  is  adjusted  to  the  flow  values 
obtained  by  stop  watch  and  calibrated  container,  close  to 
9,000  m3  (2  MIG)  were  infiltrated  to  the  granular  deposits. 

The  results  of  the  infiltration  rates  under  diff- 
erent conditions  in  the  infiltration  basin  are  summarized  in 
Table  2.   It  is  apparent  that  they  are  relatively  high 
infiltration  rates. 


1        Tii~T 

OCTOBER,  1979  i  NOVEMBER, 

Figure  6.   Infiltration  rates,  hydraulic  head  in  basin,  depth  to  water  level  in  OW-1  and  rainfall  at  site, 
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As  indicated  earlier,  the  sides  of  the  infiltra- 
tion basin  were  lined  for  the  most  part  of  this  study. 
However,  the  lining  was  removed  on  November  22,  1979,  four 
days  before  the  termination  of  the  recharge  study.   It 
should  be  noted  therefore,  that  in  calculating  the  infil- 
tration rate  for  the  lower  portion  in  Table  2,  it  was 
assumed  that  the  infiltration  rates  through  the  bottom  of 
the  basin  remained  constant  at  2.88  L/s,  as  it  was  immed- 
iately before  the  lining  was  removed. 

Heights  of  effluent  in  the  recharge  basin  were 
fairly  constant  at  0.6  m,  except  for  the  last  four  days  of 
the  study.   During  this  later  period,  the  weakening  of  the 
pumping  equipment,  in  concert  with  rapidly  high  infiltration 
rates,  generated  a  relatively  low  hydraulic  head  in  the 
basin  (0.4  m) . 

The  cumulative  infiltration  rates  were  plotted  in 
Figure  7. 


Hydraulic  Response  of  the  Shallow  Water  Table  Aquifer  to 
the  Recharge 


There  were  over  20  measuring  points  of  the  water 
table  situated  close  to  the  infiltration  basin.   Although, 
there  was  no  true  piezometer  nest  with  intakes  placed  at 
various  depths,  the  obtained  information  from  the  available 
installations  provides  reliable  data  for  an  assessment  of 
the  hydraulic  characteristics  of  the  sand  and  gravel  aquifer 
system. 

The  original  static  water  level  was  at  a  depth  of 
3.5  m  below  ground  level  at  the  recharge  basin,  before  the 
start  of  the  infiltration  program.   The  response  of  the 
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water  table  to  infiltration  was  rapid,  reaching  an  apparent 
hydraulic  equilibrium  underneath  the  recharge  basin  two  days 
after  infiltration  commenced  (Figure  6).   In  general,  depths 
to  water  level  below  the  basin  remained  relatively  consist- 
ent at  1.7  m  during  infiltration  periods.   During  the  dry  up 
periods  the  water  level  dropped  rapidly  to  about  3  m  and 
then  the  rate  of  recession  slowed  down  considerably. 

A  similar  situation  prevailed  in  other  observation 
wells  and  test  pits  located  at  various  distances  from  the 
infiltration  basin  (Figure  8).   It  can  be  seen  from  this 
figure  that  the  water  table  response  was  relatively  rapid 
depending  upon  the  distance  of  the  observation  point  from 
the  recharge  basin.   In  general,  a  steady  state  condition  in 
the  affected  wells  was  reached  two  to  three  days  after  in- 
filtration began.   It  generally  remained  constant  with 
periods  of  quick  recessions  during  dry-up  periods.   One 
exception  to  this  general  pattern  of  water  level  behaviour 
occurred  during  the  last  four  days  of  infiltration  when  the 
rate  of  recharge  was  the  highest  therefore  causing  the  water 
level  to  reach  its  peak  (Figure  8). 

Sudden   occasional  drops  in  water  levels  in  sev- 
eral observation  wells,  as  shown  in  Figure  8,  are  caused  by 
taking  water  samples  from  observation  wells  for  qualitative 
analyses.   Slow  water  level  recovery  was  most  likely  caused 
by  silting  of  the  slotted  section  of  the  pipe  which  pre- 
vented water  from  moving  quickly  into  the  pipe. 

The  lateral  distribution  of  the  influence  of 
infiltration  on  the  water  table  is  shown  in  Figures  9  and 
10.   The  comparison  of  Figure  5  with  Figure  9  shows  how  the 
well-defined  groundwater  flow  (Figure  5)  is  modified  by 
recharge  (Figure  9),  resulting  in  the  formation  of  the 
groundwater  hydraulic  mound.   The  irregular  shape  of  the 
hydraulic  mound  closely  reflects  the  topographic  gradient. 
There  was  no  apparent  indication  of  hydraulic  channelling, 
or  short  circuiting. 


Hi 

a 


O 

K 


a 


UJ 

> 
J 
OC 

-J.: 
■a. 


OO-r 


O.S- 


1.0- 


I  b- 


-,..;.^u 


z 
5 

f- 

< 

I-    £ 
a    £ 

O 

LU 

a: 
a. 


'25 
OCTOBER  !  1979  NOVEMBER 

figure  S,   Response  of  water  level  to  infiltration  in  observation  wells  and  in  test  pits. 


;  oe  c. 


_ 


20 25  '        '         '        '         '  30  '         j         '         '        ■         '   5 TO 15   '         '        1        '  lo1        '         '         '        Is1        **         '         ^ZO1,        '         '" 

OCTOBER  i  1979  NOVEMBER  i  D  E  C. 

Figure  8   (Cont'd).  Response  of  water  level  to  infiltration  In  observation  wells  and  in  test  pits. 
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An  isopach  of  the  groundwater  mound  is  shown  in 
Figure  10.   Although  the  water  level  below  the  infiltration 
basin  rose  quite  close  to  the  bottom  of  the  basin  (0.6  m)  it 
never  actually  reached  it. 

An  apparent  effect  of  groundwater  mounding  was  a 
lateral  shift  of  the  highest  margin  of  the  groundwater 
discharge  zone  for  about  30  m.   This  situation  is  illus- 
trated in  Figure  4. 


Underground  Detention  Times 


One  of  many  important  aspects  of  a  rapid  infil- 
tration study  such  as  this  is  to  establish  how  long  it  will 
take  for  the  effluent  to  reach  the  groundwater  discharge 
area.   This  is  because  renovation  of  wastewater,  which  is 
influenced  by  several  major  factors,  is  directly  related  to 
the  underground  travelling  time  of  infiltrated  effluent. 
Detention  times  could  be  calculated  in  several  ways  such  as 
by  observing  arrival  of  the  pollution  front,  monitoring 
water  level  response,  measuring  the  hydraulic  gradient  along 
the  flow  lines,  dye  test,  etc. 

The  underground  detention  time  is  inversely  propor- 
tional to  the  infiltration  rate  and  to  the  permeability  of 
the  coarse  granular  material . 

In  this  study,  an  attempt  was  made  to  use  a  direct 
method  to  calculate  the  permeability  of  granular  materials. 
On  November  20,  1979  after  letting  the  basin  dry  up,  170  gm 
of  fluorescein  dye  along  with  213  litres  of  artificially 
made  brine  were  placed  at  the  bottom  of  the  basin.   The 
brine  solution  was  made  by  dissolving  28  kg  of  uniodized 
salt  using  lagoon  effluent  as  dissolvent.   The  concentration 
of  the  brine  was  as  follows: 
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Figure  9.   Distribution  of  hydraulic  head  in  the  water  table  aquifer  at  maximum  groundwater  mounding  (Nov.  26,  1979)- 
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Chemical  parameter  Concentration 


Conductance  {umho/cm3  at  25°C)      153,615 
Sodium  as  Na  (mg/L)  48,179 

Chloride  as  CI  (mg/L)  73,307 

At  the  designated  time  the  infiltration  began, 
followed  by  frequent  measurements  of  water  levels,  con- 
ductance and  taking  water  samples  from  observation  wells  and 
test  pits  for  fluorescein  dye  analyses. 

Measurements  of  the  specific  conductance  in  obser- 
vation wells  was  not  successful  in  indicating  the  arrival  of 
the  contamination  front  (sodium  chloride)  nor  was  the  fluores- 
cein dye  present  in  detectable  concentrations  in  several 
monitored  observation  wells,  and  in  TP-2,  TP-3  or  TP-4.   It 
is  reasoned  that  sodium  chloride  was  quickly  diluted  in  the 
rapidly  infiltrating  effluent,  while  the  fluorescein  dye  was 
absorbed  by  silt  and  clayey  particles.   Nevertheless, 
closely  monitored  response  of  the  water  table  in  several 
observation  wells  and  test  pits  gave  valuable  information  on 
the  hydraulic  conductivity  of  the  granular  deposits. 

The  calculated  values  of  the  coefficient  of  permea- 
bility using  the  information  from  the  mechanical  analyses 
and  the  empirical  formula  presented  by  Hazen  (1893)  are 
given  in  Table  1. 

The  following  equation  was  used  to  calculate  the 
average  linear  pore-water  velocity,  V  . 

V   =  — —  grad  h 
X    A*M  (5) 
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Figure  10.   Isopach  of  maximum  hydraulic  groundwater  mound  (Nov.  25,  1979) 
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where  K  is  hydraulic  conductivity,  n  is  the  porosity,  4i  is 
an  empirical  constant  and  grad  h  is  the  gradient  of  hydraulic 
head.   Experimental  data  on  relatively  uniform  sands  indicate 
that  4l  is  close  to  1  for  these  materials.   It  was  assumed 
that  the  sand  and  gravel  deposits  have  an  intergranular 
porosity  of  0.30  and  the  empirical  coefficient   was  unity. 
Grad  h  for  the  original  water  table  was  0.017,  whereas 
during  the  groundwater  mounding  effect  it  was  0.032.   As 
data  on  Table  1  indicate,  the  hydraulic  conductivity  varies 
somewhat;  however,  an  average  of  seven  values  for  the  hydraulic 
conductivity  was  used  (0.4  cm/s) .   Using  these  values  the 
obtained  average  groundwater  velocities  were  2  0  m/d  for  the 
conditions  prior  to  the  commencement  of  infiltration  and 
about  38  m/d  during  the  groundwater  mounding  effect  due  to 
artificial  recharge. 

Based  on  the  obtained  data,  it  is  estimated  that 
the  underground  detention  time  was  in  the  range  of  one  and  a 
half  to  three  days.   Since  the  original  upper  limit  of 
groundwater  discharge  is  located  about  60  to  70  m  from  the 
river,  there  will  be  additional  time  for  the  effluent  to 
travel  overland  through  wet  land  before  entering  the  river 
system.   While  travelling  overland  through  favourable  atten- 
uating environments,  it  will  be  subject  to  a  significant 
additional  attenuation  of  certain  parameters  involving 
numerous  processes  present  along  the  travelling  paths. 


Basin  Clogging 


Maintaining  a  high  infiltration  rate  for  long 
periods  of  time  is  essential  for  successful  sewage  lagoon 
effluent  treatment  by  rapid  infiltration.   Understanding 
soil  clogging  processes  that  causes  infiltration  rate  re- 
duction is  necessary  for  the  design  and  long  term  operation 
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of  the  recharge  system.   There  are  three  basic  factors  that 
can  cause  soil  clogging;  chemical,  biological  and  physical. 

Chemical  clogging  is  largely  caused  by  chemical 
interaction  between  chemical  constituents  dissolved  in  the 
effluent  and  present  in  the  soil  resulting  in  decreased  pore 
diameter  and  consequently,  lower  permeability.   Research 
shows  that  chemical  clogging  seldom  occurs  unless  the  sodium 
content  of  the  effluent  is  high. 

Biological  clogging  occurs  when  bacterial  growth 
or  its  by-products  reduce  the  pore  diameter.   Biological 
clogging  is  frequently  associated  with  anaerobic  conditions 
and  usually  occurs  at  the  soil  surface,  but  it  can  also 
occur  at  different  depths  (McGauhey  et  a_l . ,  1967). 

Physical  clogging  is  the  result  of  suspended 
solids  in  the  effluent  blocking  the  soil  pores.   Some  parti- 
cles may  penetrate  to  a  greater  depth  if  the  pore  size  is 
larger  than  the  diameter  of  the  suspended  solids.   A  res- 
tricting layer  is  therefore  built  up  by  these  suspended 
solids.   The  hydraulic  properties  of  the  clogged  layer  are 
best  expressed  in  terms  of  the  hydraulic  resistance  or 
impedance,  which  is  defined  as  the  thickness  of  the  layer 
divided  by  its  hydraulic  conductivity.   According  to  Bouwer 
(1972)  the  impedance  can  be  calculated  as  the  head  loss 
through  the  layer  divided  by  the  infiltration  rate. 

The  gradual  reduction  in  infiltration  rates,  as 
indicated  in  Figure  6  was  caused  primarily  by  physical 
clogging  of  the  bottom  of  the  infiltration  basin  (Photos  9 
and  10).   The  examination  of  Figure  6  indicates  that  during 
the  first  inundation  period,  an  initial  infiltration  rate  of 
about  4.55  L/s  was  reduced  to  3.4  L/s  just  before  the  pump 
was  shut  off  eight  and  a  half  days  later.   A  dry  up  period 
which  followed,  along  with  8  mm  of  rainfall  helped  to  some- 
what restore  the  recharge  rate  to  3.78  L/s. 
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The  infiltration  rate  at  the  end  of  the  inundation 
period  on  November  9,  1979  was  considerably  low  at  2.8  L/s. 
During  the  subsequent  resting  period,  the  longest  in  this 
study  which  lasted  about  five  days,  the  subzero  temperatures 
caused  several  inches  of  the  basin  to  freeze.   Consequently, 
the  basin  was  thoroughly  raked  and  harrowed  with  a  pick 
before  the  next  inundation  period  started.   This  action 
resulted  in  restoring  the  recharge  rate  to  3.5  L/s. 

During  the  short  dry  up  period  on  November  19  and 
20,  1979  the  basin  was  thoroughly  raked  again.   This  action 
had  no  effect  on  restoring  the  infiltration  rate,  probably 
because  the  weather  during  the  resting  period  was  wet  and 
too  short  to  have  an  effective  improvement  on  the  accum- 
ulated sludge  at  the  bottom  of  the  basin.   Also,  fluorescein 
dye  and  artificial  brine,  which  were  introduced  in  the  basin 
just  before  the  start  of  the  flooding  period,  may  have  some 
negative  effect  on  improving  the  recharge  rate. 

An  obvious  indication  that  physical  clogging 
occurred  affecting  about  5  cm  in  depth  of  the  bottom  of  the 
infiltration  basin  (Photo  10)  is  demonstrated  by  the  data 
shown  in  Table  2.   After  the  plastic  liner  was  removed  from 
the  sides  of  the  infiltration  basin,  the  infiltration  rate 
through  the  "fresh"  sides  of  the  basin  was  higher  than 
through  the  basin's  bottom,  although  the  former  area  was 
2.72  times  smaller  than  the  latter  infiltration  area. 

During  the  initiation  and  termination  of  the 
infiltration  stages  the  arrival  of  the  initial  flux  of  the 
effluent  was  carefully  measured  in  OW-1.   Likewise,  "draw- 
down" of  the  effluent  in  the  basin  when  the  pump  was  shut 
off  was  also  recorded  at  designated  time  intervals. 

Using  this  information  the  increase  of  impedance 
was  calculated.   Since  the  restricting  layer  was  not  com- 
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Photo  9.   Deposition  of  suspended  solids  after  8  days  of 
continuous  infiltration  indicates  gradual  basin 
clogging. 


Photo  10.   A  thin  crust  at  basin  bottom  began  to  develop  at  the 

end  of  the  first  inundation  period.   This  basin  clogging 
appears  to  have  significantly  affected  very  shallow 
depth. 
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pacted  and  biological  clogging  is  unlikely  a  factor,  the 
resistance  should  increase  in  proportion  to  the  suspended 
solids  added.   The  suspended  solids  in  the  lagoon  effluent 
are  mostly  organic  and  easily  compacted.   They  also  tend  to 
develop  more  rapidly  in  the  lower  sections  of  the  infiltra- 
tion basin  (Photo  9). 
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WATER  QUALITY  STUDIES 


General 


In  this  section,  a  brief  discussion  of  the  water 
quality  of  the  aquifer  system  which  received  the  lagoon 
effluent  as  well  as  quality  of  surface  water  is  given.   The 
results  of  the  qualitative  analyses  of  water  and  the  sewage 
lagoon  effluent  are  given  in  Appendices  E  through  J  inclu- 
sive.  These  analyses  can  be  used  by  individuals  interested 
in  further  pursuing  the  qualitative  aspect  of  this  study. 


Procedure 


Numerous  grab  samples  were  obtained  from  the 
observation  wells,  test  pits  and  from  the  selected  surface 
water  sampling  stations.   Several  samples  of  the  lagoon 
effluent  were  obtained  directly  from  the  infiltration  basin 
and  analysed  for  generally  the  same  qualitative  parameters. 
The  frequency  of  sampling  is  summarized  in  Table  3. 

A  bailer  2.5  4  cm  in  diameter  was  used  to  obtain 
water  samples  from  observation  wells,  whereas,  a  grab  sample 
was  taken  from  the  test  pits.   The  bailer  was  washed  out 
with  distilled  water  following  each  sampling.   While  the 
bottom  of  test  pits  1,  2  and  4  are  normally  in  the  unsat- 
urated zone,  the  rise  of  the  water  table  due  to  infiltration 
provided  favourable  conditions  to  obtain  water  samples  from 
these  test  pits  as  well. 
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Table  3.   Frequency  of  sampling  during  the  rapid  infiltration  study. 


Date     Sept . 


October,  19  79 


November,  1979 


Jan. 
1980 


Sampling   12   18   19 
Point* 


OW-1 


OW-2 
OW-3 
OW-4 
OW-5 

OW-6 

OW-7 

OW-8 

OW-9 

OW-10 

OW-11 

OW-1 2 

OW-13 

OW-14 

OW-1 5 

OW-16 

OW-18 

OW-21 

OW-2  2 

TP-1 

TP-2 

TP-3 

TP-4 

TP-5 

RSR-1 

RSR-2 

RSR-3 

RSR-4 

P-5 

P-6 

Lag.  eff. 


c 

c 
c 
c 

c 
c 
c 
c 
c 


c 
c 


22   23   24   27   28   29   31   3   6   9   12   16   20   22   23   25   26   31 
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c   ccc  cc 


bm 
cc 
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bm 


c 
c 


cam  c 
cm 

ccm  c 

m  c 

ccm  cc 


c   c 


c 
c 
c 
c 

0 
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b 
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cm 
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be 
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cm 
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cm 
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c  a 
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c  a 
c  a 
c  a 
c  a 
a 
a 


a 
a 

cm  a 


cc 

mm 
cm 
cm 
cm 
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c 
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c 
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c 
c 
c 

c 
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a 
a 

a 
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cm 
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Because  there  was  a  considerable  amount  of  silt  in 
water  samples  bailed  from  the  well,  for  the  purpose  of 
uniform  sample  treatment,  all  groundwater  samples  were 
filtered  except  for  the  initial  few  sets,  and  for  all 
samples  taken  for  phenolic  compounds  and  for  carbons.   The 
samples  were  filtered  through  a  glass  fiber  filter  paper 
with  two  micron  openings. 

In  order  to  assess  the  effects  of  well  bailing 
prior  to  taking  water  samples  and  filtering  several  sets  of 
water  samples  from  OW-1  and  OW-6  were  obtained  and  analyzed 
subsequent  to  various  conditions.   The  results  are  shown  in 
Table  4.   It  is  apparent  from  this  table  that  the  differ- 
ences between  the  chemical  analyses  of  water  samples  taken 
from  observation  wells  prior  and  after  bailing  were  insigni- 
ficant . 


Quality  of  the  Lagoon  Effluent 

During  the  inundation  periods  of  the  infiltration 
basin,  several  samples  of  the  lagoon  effluent  were  collected 
directly  from  the  infiltration  basin  for  qualitative  an- 
alyses.  A  few  of  these  samples  were  filtered  so  that  they 
would  be  comparable  with  groundwater  samples.   However,  the 
majority  of  effluent  samples  were  not  filtered  prior  to 
analyses. 

The  results  of  the  qualitative  analyses  of  the 
sewage  lagoon  effluent  is  given  in  Appendices  G  and  J  respect- 
ively. 

The  mean  values  of  the  results  for  four  unfiltered 
chemical  analyses  of  the  sewage  lagoon  effluent  were  calcul- 
ated and  shown  in  Table  5.   The  loading  by  various  chemical 
parameters  from  the  conservative  calculation  of  the  total 
infiltrated  lagoon  effluent  was  calculated  and  also  shown  in 
Table  5. 
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Table  4.   Results  of  chemical  analyses  of  water  samples  obtained  and 

a 


analysed  under  various  conditions- 


Sampling  Point 

Observation  Well  1  (OW-1) 

Observation  Well  6 

(OW-6) 

Before  bai 

ling 

After  bailing 

Before  bailing  After  bailing 

b 
Constituent 

Non- 

filtered 

filtered 

Non- 
filtered 

filtered 

filtered 

filter 

ed 

Hardness  (calc.) 

270 

255 

258 

329 

278 

275 

Alkalinity  as  CaCO 

269 

262 

264 

273 

273 

275 

Iron  as  Fe 

8.4 

0.20 

1.32 

38 

0.30 

0.60 

pH 

7.50 

7.88 

7.69 

7.45 

7.99 

7.70 

Conductance  - 

umho/cm3  at  25°C 

755 

755 

760 

778 

780 

799 

Chloride  as  CI 

62.0 

61.5 

63.5 

66.5 

67.0 

68.5 

Sulphate  as  SO 

36.  5 

36.5 

34.5 

37.5 

Calcium  as  Ca 

63.0 

58.0 

57.0 

104 

63.0 

61.0 

Magnesium  as  Mg 

27.2 

26.8 

28.0 

32.0 

29.2 

29.8 

Sodium  as  Na 

56.0 

57.0 

56.0 

53.0 

55.5 

41.8 

Potassium  as  K 

7.25 

7.65 

7.75 

6.00 

4.75 

1.95 

Free  ammonia  as  N 

2.7 

1.0 

2.9 

2.0 

2.2 

2.4 

Total  Kjeldahl  as  N 

8.25 

4.00 

4.90 

2.50 

2.95 

3.70 

Nitrite  as  N 

0.08 

0.145      0.03 

0.24 

0.22 

0.03 

Nitrate  as  N 

2.4 

4.3 

2.1 

1.8 

2.0 

2.2 

Total  P.  as  P 

3.10 

2.05 

2.00 

0.70 

0.053 

0.08 

Diss,  react.  P.  as 

P     2.15 

1.85 

1.75 

0.20 

0.001 

L0.05 

Inorganic  carbon 

63.0 

65.5 

67.5 

69.5 

Organic  carbon 

19.0 

27.0 

16.5 

18.0 

Total  carbon 

82.0 

92.5 

84.0 

87.5 

Phenols  in  ppb 

L1.0 

L1.0 

sampled  on  November  22,  1979 
b  All  results  except  pH  reported  in  mg/L  unless  otherwise  indicated. 


Refers  to  less  than 
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The  concentrations  of  suspended  solids  were  re- 
latively low  during  the  time  of  year  in  which  the  study  was 
carried  out. 


Groundwater  Quality 

Basic  Considerations 

The  existing  hydrogeological  conditions  in  the 
study  area  and  the  hypsometric  position  of  the  sewage  lagoon 
may  suggest  that  exfiltration  of  the  lagoon  effluent  has 
occurred  particularly  during  the  initial  stage  of  the  lagoon 
operation.   This  aspect  could  be  further  advanced  and  utilized 
to  the  existing  conditions  with  an  attempt  to  assess  the 
renovation  (which  occurred  in  the  past)  of  the  effluent  by 
natural  hydrogeological  environment. 

This  study  showed  that  there  was  no  convincing 
evidence  that  the  quality  of  the  shallower  zone  of  the  water 
table  aquifer  from  which  most  of  the  samples  were  obtained 
was  affected  by  the  leaks  from  the  lagoon.   Therefore,  such 
approach  will  be  speculative  at  this  time.   For  example, 
groundwater  quality  from  sampled  wells  and  test  pits  located 
between  the  lagoon  and  the  recharge  basin  showed  no  indic- 
ation that  water  quality  is  affected  by  the  nearby  lagoon. 
However,  few  sampled  observation  wells  which  obtain  water 
from  a  somewhat  lower  elevation  and  which  are  located  between 
the  recharge  basin  and  the  river  showed  occasionally  variation 
in  water  quality  that  may  have  been  influenced  by  an  "outside" 
source.   This  aspect  is  discussed  in  the  later  sections  of 
this  report. 

In  any  case,  in  this  study  groundwater  quality 
obtained  prior  to  the  commencement  of  the  lagoon  effluent 
infiltration  is  considered  as  the  existing  "natural"  back- 
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Table  5.   Quality  of  the  infiltrated  sewage  lagoon  effluent  and 
calculated  loading  by  recharged  sewage  lagoon  effluent 


Constituent 


Hardness  (calc.) 

Alkalinity  as  CaC03 

Iron  as  Fe 

pH 

Chloride  as  CI 

Sulphate  as  S04 

Calcium  as  Ca 

Magnesium  as  Mg 

Sodium  as  Na 

Potassium  as  K 

Free  ammonia  as  N 

Total  Kjeldahl  as  N 

Nitrite  as  N 

Nitrate  as  N 

Total  P  as  P 

Dissolved  reactive  P 

Inorganic  carbon 

Organic  carbon 

Total  carbon 

BODS 

COD 

Suspended  solids 

Phenols  (ppb) 


Average  value  of 
four  analyses 
(unf iltered) 

(mg/L) 

Calculated 
loading 
(kg) 

258 

2069 

292 

2342 

0.07 

0.56 

■ 

7.65 

57.25 

459 

34.12 

274 

57.12 

458 

27.95 

224 

55.37 

444 

8.0 

64 

5.66 

45 

10.6 

85 

0.43 

3 

0.19 

1.5 

3-06 

25 

2.45 

20 

6  6.62 

534 

33.5 

269 

100.12 

803 

20.05 

161 

284 

2277 

19.33 

155 

Fl 

F  refers  to  less  than 
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groundwater  quality.   Any  subsequent  changes  of  groundwater 
quality  during  this  study  were  related  to  the  recharge  and 
compared  with  the  initial  water  quality.   It  is  considered 
that  this  approach  did  not  alter  the  validity  of  any  ground- 
water quality  interpretation. 

It  is  generally  accepted  and  confirmed  in  this 
study  that  the  concentrations  of  the  majority  of  chemical 
constituents  in  groundwater  samples  obtained  during  this 
study  mainly  depend  on  several  factors  such  as   (a)  distance 
of  the  sampling  point  from  the  recharge  basin,  (b)  duration 
of  inundation  of  the  recharge  basin  before  sample  was  taken, 
(c)  thickness  of  the  unsaturated  zone  below  the  recharge 
basin,  (d)  lithological  composition  along  the  travelling 
path  before  the  sampling  point,  etc. 

The  results  of  the  chemical,  heavy  metals  and 
bacteriological  analyses  of  groundwater  are  given  in  Appen- 
dices E  and  H  respectively. 

Nitrogen  Cycle 


The  total  nitrogen  content  of  the  sewage  lagoon 
effluent  generally  ranged  between  10.5  and  13  mg/L.   Almost 
all  of  the  nitrogen  in  the  effluent  was  in  the  form  of  free 
ammonia  and  total  Kjeldahl  nitrogen. 

The  areal  distribution  of  the  major  components  of 
the  nitrogen  cycle  at  the  beginning  and  at  the  end  of  the 
study  is  shown  in  Figure  11.   This  map  shows  that  almost  all 
nitrogen  has  been  either  converted  into  nitrate  or  atten- 
uated at  a  distance  of  less  than  40  m  from  the  recharge 
basin  along  the  shallow  groundwater  path  toward  the  Rocky 
Saugeen  River.   However,  the  concentrations  of  the  compon- 
ents of  the  nitrogen  cycle  show  irregularity  along  the  main 
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groundwater  flow  component  at  different  distances  from  the 
basin.   There  are  several  factors  that  could  contribute  to 
this  difference  such  as:  (a)  elevation  of  intake  of  the 
sampling  station,  (b)  depth  of  intake  below  water  table,  (c) 
type  of  sampling  point  (observation  well  vs  open  test  pit  in 
which  case  nitrification  may  readily  occur),  (d)  distance  of 
the  sampling  station  from  the  recharge  basin,  (e)  the  dur- 
ation of  basin  flooding  and  quantity  of  effluent  recharged 
before  the  sample  was  taken,  (f)  thickness  of  unsaturated 
zone  (presence  of  oxygen),  (g)  travel  time  (time  necessary 
for  a  population  of  nitrifying  bacteria  to  develop),  etc. 

Nevertheless,  the  data  indicate  that  almost  all 
nitrogen  which  will  be  discharged  to  the  ground  surface  some 
distance  from  the  Rocky  Saugeen  River  will  be  in  the  nitrate 
form.   This  nitrogen  will  be  subject  to  further  reduction  by 
microbial  processes  thriving  in  the  wet  cattail  environment 
along  the  river. 

There  are  various  processes  which  can  remove 
nitrogen  from  waste  water  while  it  moves  through  soil, 
including  adsorption  of  ammonium  to  the  clay,  silt  and 
organic  fraction  of  the  soil,  fixation  of  ammonium  by  the 
organic  fraction,  fixation  of  nitrogen  by  micro-organisms, 
and  nitrogen  uptake  by  vegetation.   Volatalization  of 
ammonia  and  denitrification  are  the  only  processes  which 
cause  a  net  removal  of  nitrogen.   The  other  processes  merely 
store  nitrogen  in  the  soil. 

Research  shows  that  the  mechanism  of  nitrogen 
denitrification  occurs  when  a  new  basin  flooding  is  started. 
When  inundation  commences  there  is  entrapped  air  in  the  soil 
for  nitrification  of  ammonium  during  the  initial  part  of  the 
flooding  period.   However,  as  the  oxygen  is  consumed,  an- 
aerobic conditions  will  begin  to  develop  where  nitrate  and 
organic  carbon  can  both  be  present,  creating  conditions 
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favourable  for  denitrif ication.   With  continued  flooding  all 
nitrogen  will  stay  in  the  ammonium  form,  which  can  be  ad- 
sorbed by  the  soil  particles.   If  flooding  is  not  stopped 
before  the  cation  exchange  complex  in  the  soil  is  saturated 
with  ammonium,  increased  ammonium  levels  in  the  receiving 
groundwater  can  be  expected.   When  the  flooding  is  stopped, 
air  will  enter  the  soil  and  the  resulting  aerobic  conditions 
in  the  shallow  unsaturated  zone  will  enable  nitrification  of 
the  adsorbed  ammonium.   Some  of  the  nitrate  formed  in  this 
process  may  diffuse  to  anaerobic  microenvironments  in  the 
same  soil  and  denitrif ication  can  occur  if  organic  carbon  is 
also  present.   Some  of  these  nitrate  ions  may  also  mix  later 
with  the  newly  infiltrating  water  when  a  new  flooding  period 
is  started  and  move  down  to  anaerobic  environments  where 
denitrif ication  may  occur. 

In  conclusion,  setting  up  proper  inundation  dry  up 
periods  is  of  great  importance  with  respect  to  the  denitri- 
f ication  processes  and  therefore  nitrogen  removal. 


Phosphorous 


The  concentration  of  phosphorous  in  the  lagoon 
effluent  and  the  detrimental  impact  on  water  quality  in  the 
Rocky  Saugeen  River  is  one  of  the  prime  concerns  with  re- 
spect to  the  present  mode  of  the  sewage  treatment  system 

operation  at  Markdale. 

Phosphorous  removal  seems  to  occur  rapidly  as  the 
effluent  water  moves  through  the  sand  and  gravel  deposits 
(Figure  12).   Although  a  slight  increase  of  the  dissolved 
reactive  phosphorous  is  indicated  {as  the  infiltration 
proceeded)  at  a  distance  of  10  m    there  is  no  doubt  that 
favourable  conditions  do  exist  in  the  sand  and  gravel  de- 
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Figure  12.   Hydrochemical  map  of  dissolved  reactive  phosphorous  (A),  total  phorphosour  (B) ,  organic  carbon  (C) , 
and  inorganic  carbon  (D),  concentrations  in  shallow  groundwater. 
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posits  for  the  removal  of  phosphorous  from  the  effluent. 
The  presence  of  a  calcium-rich  environment  and  iron  and 
aluminum  oxides  in  the  granular  materials  are  the  main 
contributing  factors  for  the  removal  of  phosphorous.   It  is 
considered,  however,  that  the  removal  of  phosphorous  is 
probably  due  to  precipitation  of  calcium-phosphate  com- 
plexes, which  are  formed  in  the  slightly  alkaline  and 
calcium-rich  environment  of  the  effluent  water  as  it  moves 
through  slightly  silty  sand  and  gravel  deposits. 

Total  removal  of  phosphorous  is  very  encouraging 
since  it  is  considered  the  main  constituent  to  have  an 
adverse  effect  on  river  water  quality. 

Phosphates  are  the  only  constituents  of  the  eff- 
luent that  precipitate  in  quantity  in  the  soil.   This  pre- 
cipitator may  affect  the  porosity  and  hence  the  hydraulic 
conductivity  of  the  sand  and  gravel  in  the  long-term  opera- 
tion.  However,  considering  the  pore  space  of  the  sand  and 
gravel  deposits  to  be  about  30  percent  and  relatively  small 
amount  of  precipitate  (oxy-apatite) ,  it  will  probably  be  a 
very  long  time  before  phosphate  accumulation  in  the  sands 
and  gravels  will  have  a  significant  effect  on  the  hydraulic 
performance  of  the  system. 


Carbons 


The  areal  distribution  of  the  organic  and  inorg- 
anic carbons  is  shown  in  Figure  12.   It  is  indicative  that 
at  a  distance  of  less  than  40  m  from  the  basin,  the  organic 
carbon  is  removed  to  the  background  concentrations. 
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Phenolic  Compounds 


Of  six  analyses  of  sewage  lagoon  effluent  five 
showed  concentrations  of  phenolic  compounds  to  be  less  than 
1  part  per  billion  (ppb)  and  only  one  sample  indicated  that 
the  phenols  content  was  25  ppb.   However,  this  sample  was 
taken  in  January,  1980,  directly  from  the  lagoon  under  ice 
conditions  long  after  field  work  of  this  study  was  completed. 

Contrary  to  the  very  low  concentration  of  phenolic 
compounds  in  the  lagoon  effluent,  several  samples  of  ground- 
water showed  considerably  high  concentrations  of  phenols. 
These  include  samples  obtained  from  OW-4,  OW-5,  OW-8  and 
OW-9.   The  highest  values  of  phenol  concentrations  in  ground- 
water were  in  the  samples  collected  on  the  day  when  the 
flooding  of  the  basin  started  (October  19,  1979).   This  may 
suggest  that  these  phenolic  compounds  are  naturally  occurr- 
ing in  the  shallow  groundwater.   Another  more  likely  ex- 
planation is  that  since  two  of  these  sampling  points  obtain 
water  from  a  deeper  elevation  than  other  sampling  stations 
their  water  quality  is  influenced  by  the  deeper  groundwater 
flow  system  whose  quality  may  have  been  affected  by  exfil- 
tration  of  the  lagoon  effluent.   Increased  concentration  of 
phenolic  compounds  in  the  deeper  sampling  wells  is  in  tune 
with  the  sporadic  increased  concentrations  of  few  other 
chemical  parameters  in  these  wells.   A  third  possibility  is 
that  the  groundwater  was  slightly  contaminated  with  phenols 
during  the  drilling  of  the  observation  wells. 


Biochemical  and  Chemical  Oxygen  Demand 


Since  the  majority  of  groundwater  samples  con- 
tained considerable  amounts  of  silt  and  consequently  were 
filtered,  the  results  of  biochemical  (BOD5)  and  chemical 
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oxygen  demand  (COD)  were  influenced  by  these  factors.   For 
this  reason  only  few  sets  of  initial  samples  were  analysed 
for  biochemical  and  chemical  oxygen  demand.   Thus,  waste- 
water renovation  with  respect  to  these  constituents  cannot 
be  assessed. 


The  BOD  of  the  sewage  lagoon  effluent  was  relat- 
ively high  and  in  the  20  to  30  mg/L  range. 

The  COD  of  the  lagoon  effluent  usually  was  in  the 
280  mg/L  range. 


Total  Dissolved  Solids  and  Major  Ions 


Total  dissolved  solids  were  calculated  by  meas- 
uring the  specific  conductance  of  water  samples  and  mul- 
tiplying it  by  a  factor  of  0.65. 

The  concentrations  of  total  dissolved  solids  of 

the  lagoon  effluent  were  in  the  400  to  515  mg/L  range  (Table 

5)  and  concentrations  in  native  groundwater  were  in  the  400 

to  470  mg/L  range. 

A  brief  discussion  regarding  the  behaviour  of  the 
major  ions  in  groundwater  during  the  rapid  infiltration 
study  is  given  in  the  following  paragraphs. 

in  general  the  concentrations  of  calcium  fluc- 
tuated between  5  5  and  104  mg/L  with  maximum  value  found  in 
OW-6  and  the  lowest  value  in  TP-1.   The  concentrations  of 
calcium  in  unaffected  groundwater  were  between  7  0  and  8  0 
mg/L. 
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Magnesium  content  in  the  native  groundwater  was 
around  30  mg/L  but  it  may  go  as  high  as  70  rag/L.   In  reno- 
vated water  the  maximum  concentration  of  magnesium  was  62 
mg/L  (OW-4)  while  the  minimum  value  was  23.6  mg/L  (OW-1). 

Concentrations  of  sodium  in  renovated  water  fluc- 
tuated between  67  mg/L  (TP-1)  and  a  minimum  value  of  3.8 
mg/L  (OW-4).   The  background  concentration  of  sodium  in 
groundwater  was  about  11  mg/L. 

Background  content  of  potassium  in  groundwater  was 
about  0.7  mg/L.   The  maximum  concentration  of  potassium  in 
affected  groundwater  was  reported  at  9.8  mg/L  (OW-1),  where- 
as the  minimum  content  was  0.7  mg/L  (OW-10). 

Chloride  concentrations  in  renovated  water  fluc- 
tuated between  a  maximum  value  of  91  mg/L  (OW-5)  and  a 
minimum  concentration  of  13.5  mg/L  (OW-3).   The  background 
value  of  chloride  in  groundwater  was  about  20  mg/L. 

The  background  concentration  of  sulphate  in  ground- 
water was  around  10  mg/L.   In  renovated  water  the  content  of 
sulphate  fluctuated  between  a  maximum  value  of  61  mg/L 
(OW-4)  and  a  minimum  concentration  of  4.0  mg/L  in  obser- 
vation well  10. 


pH 


The  pH  of  the  lagoon  effluent  was  usually  between 
7.69  and  8.01  and  pH  of  the  renovated  water  was  between  7.35 
and  8.0  mg/L.   The  pH  of  the  native  groundwater  ranged  from 
7.5  to  7.7  mg/L. 
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Anionic  Detergents 

Anionic  detergents  are  not  found  in  natural  con- 
ditions.  Therefore,  the  presence  of  these  substances  in 
natural  waters  indicates  contamination  by  domestic  or  in- 
dustrial wastes. 

Two  sets  of  samples  were  obtained  from  most  of  the 
monitoring  stations  and  analysed  for  anionic  detergents 
(November  3  and  November  21,  1979).   The  results  of  the 
November  3  set  of  samples  indicated  the  concentration  at  or 
below  the  detection  limit  of  0.1  mg/L.   The  only  exception 
to  this,  was  OW-1  which  had  a  concentration  of  0.4  mg/L. 

The  results  of  the  second  set  of  samples  showed  a 
slight  increase  of  anionic  detergent  concentrations  in 
several  observation  wells  and  test  pits.   However,  none  of 
these  observation  points  had  values  exceeding  0.4  mg/L. 

The  concentration  of  anionic  detergent  in  the 
sewage  lagoon  effluent  of  only  one  sample  was  0.1  mg/L. 


Heavy  Metals 


It  is  indicative  that  non-filtered  samples  of 
groundwater  have  relatively  high  concentrations  of  heavy 
metals,  in  particular  aluminum  with  concentrations  of  sev- 
eral hundred  milligrams  per  litre,  then  manganese  and  zinc 
not  exceeding  the  concentrations  of  10  mg/L.   In  contrast, 
the  concentrations  of  heavy  metals  in  the  sewage  lagoon 
effluent  were  exceptionally  low  with  the  exception  of  zinc 
(14  mg/L) . 
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The  results  of  heavy  metal  analyses  on  filtered 
samples  of  groundwater  show  a  different  picture  with  very 
low  concentrations.   This  suggests  that  the  elevated  concen- 
trations of  heavy  metals  in  non-filtered  samples  are  assoc- 
iated with  fine  soil  particles  present  in  these  water 
samples . 


Bacteriological  Quality 


The  fecal  coliform  bacteria  density  in  groundwater 
is  shown  in  Figure  13  which  indicates  that  some  fecal 
bacteria  were  reaching  distances  of  6  0  m  from  the  recharge 
basin.   It  is  expected  that  if  sequences  of  long  flooding 
periods  were  held,  the  fecal  coliform  count  in  groundwater 
would  tend  to  increase  when  newly  infiltrated  water  arrives 
at  the  observation  wells  and  then  would  decrease  as  infilt- 
ration continued. 

The  coliform  removal  was  probably  due  to 
"filtering"  at  the  surface  and  mortality  in  hostile  and 
competitive  subsurface  environments.   Filtering  and  compe- 
tition, and  hence  the  fecal  coliform  removal,  can  be 
expected  to  increase  with  continued  infiltration  because  of 
increased  surface  clogging  and  increased  bacterial  popula- 
tions in  the  soil. 

It  is  reasoned  that  any  bacterial  population  which 
may  reach  the  groundwater  discharge  area  will  be  further 
reduced  by  microbial  activities  present  in  wet  peat  deposits 
along  the  river. 
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Figure  13.   Map  showing  bacteriological  quality  of  shallow  groundwater. 
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Surface  Water  Quality 


In  order  to  assess  whether  there  was  any  measur- 
able effect  on  surface  water  quality,  four  sampling  stations 
were  established  at  strategic  locations  in  the  Rocky  Saugeen 
River.   In  addition  a  few  samples  were  obtained  from  two 
existing  surface  water  ponds  located  in  the  immediate 
vicinity  of  the  sewage  lagoon.   These  two  monitoring 
stations  provided  information  with  respect  to  possible 
infiltration  of  the  effluent  into  the  shallow  water  table 
aquifer  directly  from  the  lagoon. 

The  locations  of  the  surface  water  sampling 
stations  are  given  in  Figure  1,  while  the  results  of  quali- 
tative analyses  are  provided  in  Appendices  F  and  I. 


Chemical  Quality 


The  results  of  the  chemical  analyses  obtained  from 
the  four  sampling  stations  in  the  Rocky  Saugeen  River  show 
that  there  was  no  measurable  increase  in  any  of  the  chemical 
constituents  in  the  river  due  to  the  infiltration  of  about 
8,020  m3  of  sewage  effluent  to  the  shallow  groundwater 
system.   This  is  understandable  taking  into  account  effluent 
dilution  by  groundwater,  surface  water  and  other  attenuating 
processes  in  the  groundwater,  hydrologic  and  surface  systems 
existing  between  the  upper  limit  of  the  groundwater  dis- 
charge area  and  the  Rocky  Saugeen  River. 

In  actuality,  the  water  quality  of  the  river  has 
much  lower  concentrations  of  almost  all  chemical  constit- 
uents than  background  concentrations  in  the  shallow  ground- 
water except  for  pH  and  nitrate  which  are  somewhat  higher  in 
the  River.   The  river  water  is  slightly  on  the  alkaline  side 
compared  to  the  groundwater. 


64. 


Concentrations  of  the  anionic  detergents  were 
below  the  detectable  limit  (0.1  mg/L)  in  the  samples  obtained 
on  November  3,  1970  at  two  sampling  stations  in  the  Rocky 
Saugeen  River  (upstream  and  downstream  from  the  lagoon).   No 
increase  in  the  content  of  anionic  detergent  was  revealed  by 
the  second  set  of  samples  taken  from  four  sampling  stations 
in  the  Rocky  Saugeen  River  on  November  21,  1979. 

Although  the  elevation  of  the  water  table  in  the 
pond  located  immediately  west  of  the  lagoon  is  lower  than 
the  elevation  of  the  bottom  of  the  lagoon,  it  appears  that 
water  quality  in  the  pond  has  not  been  affected  by  the 
leakage  from  the  lagoon.   It  should  be  noted  though,  that 
during  the  course  of  pumpage  of  the  effluent  into  the  infil- 
tration basin  one  hose  developed  a  leak  and  as  a  consequence 
a  small  amount  of  the  effluent  found  its  way  (along  the 
ditch  parallel  to  the  berm)  into  this  pond.   This  resulted 
in  slight  increases  in  the  concentrations  of  several  chemical 
parameters  including  a  few  components  of  the  nitrogen  cycle 
and  phosphorous  (Appendix  f ) .   A  similar  trend  was  exibited 
by  anionic  detergents  which  increased  to  0.1  mg/L. 


Heavy  Metals 


The  concentrations  of  heavy  metals  in  the  river 
were  exceptionally  low  at  all  four  sampling  points 
indicating  that  there  was  no  measurable  influence  on  their 
concentration  in  the  river  caused  by  the  effluent  infilt- 
ration, or  due  to  the  existance  of  the  sewage  system  at  this 
locality  (Appendix  F). 
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Bacteriological  Quality 


Bacterial  counts  in  river  water  samples  taken 
upstream  and  downstream  from  the  study  area  were  quite  low 
(Appendix  I).   It  is  therefore  concluded  that  rapid  infil- 
tration of  the  lagoon  effluent  into  the  coarse  granular 
deposits  has  had  no  adverse  effect  on  the  bacteriological 
quality  of  the  river  water. 

The  presence  of  fecal  coliform  bacteria  in  the 
pond  water  located  immediately  west  of  the  lagoon  was  most 
likely  caused  by  leakage  of  the  effluent  from  the  pumping 
equipment  which  found  its  way  to  the  pond. 
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DISCUSSION 


Significance  of  the  Recharge  Mechanism  and  Groundwater 
Flow  Systems 


The  resulting  effect  of  the  infiltration  of  the 
sewage  lagoon  effluent  into  granular  deposits  was  the  develop- 
ment of  a  groundwater  hydraulic  mound.   Initially,  the  per- 
colating water  will  move  downward  and  then  after  reaching 
the  water  table,  it  radiates  in  all  directions  until  the 
mounding  effect  has  reached  a  steady  state  condition.   From 
here  on,  the  lateral  movement  of  water  will  be  only  in  the 
direction  of  the  original  groundwater  gradient,  that  is 
towards  the  Rocky  Saugeen  River. 

It  is  expected  that  a  considerable  mixing  with 
native  groundwater  will  occur  to  a  certain  depth  largely 
depending  on  the  direction  of  groundwater  flow,  the  quantity 
of  recharged  wastewater  and  the  permeability  of  the  granular 
deposits.   In  this  study,  because  large  quantities  of  waste- 
water were  infiltrated  in  a  relatively  small  area,  it  appears 
that  a  bulk  of  recharged  wastewater  occupied  or  "floated" 
above  the  native  groundwater  and  hence  the  lateral  movement 
prevailed.   Therefore,  only  a  limited  portion  (up  to  2  m)  of 
the  sand  and  gravel  aquifer,  an  "active"  (dynamic)  zone, 
largely  participated  in  the  wastewater  renovation  (Figure 
14)  . 

In  view  of  this  situation,  it  is  important  to 
recognize  the  significance  of  the  qualitative  results  of 
groundwater  in  relation  to  the  depth  from  which  the  samples 
were  obtained-   For  example,  it  is  obvious  that  samples 
taken  from  the  open  test  pits  (TP-1  to  TP-5)  will  be  re- 
presentative of  the  "active"  zone  of  the  shallow  aquifer, 
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FIGURE  1^.   Conceptual  model  of  the  recharge  mechanism  and  groundwater  flow  systems  in  the  study  area, 
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whereas  some  of  the  deeper  observation  wells  would  depict  a 
portion  of  the  aquifer  which  is  less  affected  by  infiltrated 
wastewater . 

Furthermore,  water  quality  in  these  deep  wells 
seems  to  be  affected  by  an  "outside"  source  most  likely 
agricultural  fertilizers.   Exfiltration  from  the  lagoon  may 
also  be  a  contributing  factor  to  some  of  the  discrepancies 
in  water  quality  results  in  the  deeper  observation  wells. 
The  mechanism  of  groundwater  flow  and  the  potential 
pollution  sources  likely  influencing  groundwater  quality  in 
the  study  area  are  schematically  illustrated  in  Figure  14. 
This  figure  shows  that  any  exfiltration  from  the  lagoon 
which  is  probably  insignificant  at  this  time,  because  of 
self-sealing  processes  at  the  bottom  of  the  lagoon  would 
have  an  affect  on  the  deeper  portion  of  the  sand  and  gravel 
aquifer  system.   The  results  of  qualitative  analyses 
obtained  from  several  sampling  stations  support  this  con- 
ceptual model  . 

The  bulk  of  the  renovated  water  will  be  discharged 
in  the  newly  formed  groundwater  discharge  zone  created  by 
the  rise  of  the  water  table,  as  well  as  in  the  original 
groundwater  discharge  zone,  both  constituting  the  section 
along  the  river  about  8  0  m   wide.   The  discharged  groundwater 
will  undergo  further  renovation  while  travelling  overland 
through  a  wet,  small  cattail  environment. 

Finally,  a  small  quantity  of  groundwater  from  the 
shallow  aquifer  will  probably  reach  the  river  directly 
through  the  banks  and  river  bed. 


Potential  Hydraulic  Loading 

The  infiltration  rates  generated  during  the  in- 
itial period  of  this  study  (first  five  days)  could  be  used 
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as  the  potential  or  bench-mark  infiltration  rates  since  they 
were  basically  affected  only  by  the  permeability  of  the 
underlain  sand  and  gravel  deposits  and  were  not  influenced 
by  clogging  factors. 

Using  this  data,  the  potential  application  rate 
could  be  as  high  as  32  m3/d/m2.   This  value  should  be  in- 
creased by  the  amount  of  infiltration  which  will  occur 
through  the  contact  area  of  the  effluent  with  the  soil  on 
three  sides  of  the  infiltration  basin.   This  additional 
recharge  rate  will  largely  depend  on  the  effluent  depth 
maintained  in  the  recharge  basin. 

More  conservative  loading  rates  are  given  in  Table 
2.   Recharge  rates  given  in  this  table  represent  an  average 
rate  generated  during  certain  periods  of  time,  under  spec- 
ific hydraulic  and  infiltration  conditions  of  the  recharge 
basin.   For  this  reason,  they  should  be  considered  more 
reliable  than  the  former  values. 

The  operational  sequence  of  an  infiltration  system 
(inundation  -  dry  up  periods  ratio)  should  be  considered  in 
close  conjunction  with  optimal  loading  rates.   In  other 
words,  inundation  -  dry  up  periods  are  highly  influential 
factors  to  the  optimal  recharge  rates. 


General  Design  Aspects 


A  large-scale  infiltration  system  for  the  renova- 
tion of  wastewater  from  the  sewage  lagoon  should  be  con- 
sidered for  design.   Although  not  in  abundance,  the  most 
favourable  land  appears  to  be  the  area  located  immediately 
northwest  of  the  infiltration  basin  used  in  this  study 
(Photo  3).   The  system  may  consist  of  a  chain  of  elongated 
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recharge  basins  parallel  to  the  Rocky  Saugeen  River.   The 
effluent  could  be  distributed  into  the  basins  by  a  channel 
which  could  run  along  the  recharge  strip.   Since  a  low 
suspended  solids  content  in  the  effluent  would  be  advant- 
ageous in  order  to  prolong  flooding  periods  and  therefore 
require  minimum  maintenance  of  the  basins,  a  sedimentation 
reservoir  could  be  constructed  at  the  head  of  the  channel 
system  carrying  the  effluent  to  the  recharge  basin. 

The  following  criteria  may  be  used  for  the  design 
of  a  system  for  renovating  sewage  lagoon  effluent  by  ground- 
water recharge  with  infiltration  basins  at  this  locality. 

1.  During  infiltration  the  depth  to  water  table  below  the 
recharge  basin  should  be  at  least  1.5m.   Maintaining  a 
sufficiently  thick  unsaturated  zone  is  necessary  for 
aerobic  decomposition  of  organic  matter  before  it 
reaches  the  water  table. 

2.  Since  the  above  criteria  may  be  difficult  to  achieve, 
an  alternative  would  be  oxygenation  of  sewage  lagoon 
effluent  by  "splashing"  into  the  basin. 

3.  The  bottom  of  a  recharge  basin  should  be  relatively 
flat  with  up  to  1.0  m  of  relatively  uniform  sand  main- 
tained at  its  bottom.   This  imported  filter  material 
should  be  of  slightly  lower  permeability  than  the 
parent  material.   The  relatively  thick  sand  filter  will 
allow  a  longer  time  between  additions  of  more  sand,  as 
clogged  layers  are  removed. 

Some  Aspects  of  Recharge  Basin  Management 


It  would  be  difficult  to  predict  the  optimum 
wet/dry  ratios  without  extensive  operational  experience, 
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This  ratio  will  largely  depend  on  the  quality  of  the  effluent 
at  different  times  of  the  year  and  it  may  change  accordingly. 
Therefore,  the  ratio  should  be  determined  by  experimentation 
with  the  effluent  in  question.   The  inundation  period  is 
dictated  mainly  by  aerobic  conditions  in  the  sand  filter  and 
in  the  ground,  whereas  the  dry  up  period  serves  to  dry  the 
sediment  and  algae  layer  and  to  allow  oxygen  to  penetrate 
the  sand  filter  and  the  unsaturated  material  below  it  (Hore, 
1980) . 

Initially,  a  large  operation  system  with  infilt- 
ration basins,  longer  inundation  periods  alternated  with  dry 
up  periods  (suggested  initial  ratio  is  10:6)  should  be  used 
to  achieve  maximum  efficiency.   Because  of  relatively  high 
suspended  solids  in  the  sewage  lagoon  effluent,  basically 
present  in  the  form  of  organic  matter,  it  is  a  matter  of 
time  until  these  suspended  solids  accumulate  at  the  bottom 
of  the  basin  (sludge  layer),  thus  reducing  infiltration  rate 
to  a  certain  degree.   It  is  expected  that  upon  drying  up, 
the  sludge  layer  would  shrink  and  brake  up  into  curled  up 
flakes. 

Initially,  dry  up  periods  may  help  to  restore 
original  infiltration  rates  without  the  help  of  any  device. 
However,  if  necessary,  at  the  end  of  dry  up  periods  the 
basin  could  be  raked  or  harrowed  using  manual  labour  only 
(hand  operation).   This  procedure  may  be  repeated  at  the  end 
of  each  dry  up  period  until  such  time  that  infiltration 
rates  are  reduced  by  build  up  of  a  thicker  sludge  layer  thus 
necessitating  its  physical  removal.   Again,  hand  operation 
should  be  employed  to  accurately  remove  a  small  amount  of 
("shaving"  of  the  basin  bottom)  the  sludge  and  sand  filter 
followed  by  harrowing,  if  necessary.   Use  and  movement  of 
any  heavy  vehicle  will  have  a  negative  effect  on  the  basin's 
performance  because  it  will  compact  the  sand  filter  thus 
causing  permanent  reduction  of  its  permeability  and  consequently 
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decreasing  infiltration  capabilities  in  a  recharge  basin. 
In  any  event,  the  removal  of  the  top  of  the  sand  filter 
should  be  done  as  infrequently  as  possible  to  maintain  the 
biologically  active  (top)  layer  in  the  sand  filter  (Hore, 
1980)  . 

After  a  certain  period  of  basin  operation,  it  may 
be  necessary  to  replace  the  thin  (top)  layer  of  granular 
material  at  the  bottom  of  the  basin.   The  usual  practice  of 
filter  removal  and  replacement  is  to  place  a  uniform  layer 

f  sand  up  to  1  m  thick  in  the  bottom  of  a  basin,  and  remove 
several  centimeters  of  this  sand  as  it  becomes  clogged. 
Another  layer  of  sand  is  placed  in  the  basin  only  after  the 
removal  of  the  top  layer  reduces  the  original  filter  to 
about  0.3  m  (Sibul,  1980).   The  medium  sand  filter  is  used 
because  (a)  this  type  of  material  would  act  as  an  immediate 
filtering  media  and  would  retain  most  of  the  suspended 
solids  near  the  bottom  of  the  basin  thus  minimizing  the 
possibility  of  formation  clogging  at  a  greater  depth  and  (b) 
it  was  found  that  granular  material  with  larger  pore  space 
recovered  its  infiltration  capacity  more  slowly  than  those 
with  small  pore  spaces. 

The  effect  of  rainfall  during  dry  up  periods  on 
basin  performance  could  be  significant  in  either  reducing  or 
improving  the  infiltration  rate.   It  was  observed  that  ram 
drops  tend  to  brake  the  accumulated  sludge  layer  (while  it 
was  still  wet.)  and  wash  it  into  the  soil. 

An  example  of  the  effect  of  rainfall  and  snow  on 
the  basin  partially  clogged  with  a  sludge  layer  is  illus- 
trated in  Photos  11  and  12.   Photo  11  shows  the  situation  of 
the  "unshaved"  bottom  of  the  basin  at  the  end  of  the  infil- 
tration study  (November  26,  19  79).   Rain  and  snow  actions 
have  "purified"  it  as  illustrated  by  Photo  12  taken  on  April 
19,  1980.   Actually,  all  suspended  solids  from  the  surface 
were  moved  "inside",  thus  affecting  several  centimetres  of 
granular  material  immediately  below  the  bottom  of  the  basin. 
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Photo  11.   A  thin  sludge  layer  accumulated  at  basin  bottom  at 
the  end  of  the  infiltration  study  November  26,  1979 
had  slightly  reduced  infiltration  rate. 


Photo  12.   Rainfall  and  winter  weather  conditions  had  "shaved 
off"  the  basin  left  partially  clogged  with  a  thin 

sludge  layer  at  the  end  of  the  infiltration  study 
shown  in  Photo  11. 

Photo  taken  on  April  19,  1980. 
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Other  aspects  of  an  efficient  management  of  an 
infiltration  system  would  be  learned  during  its  actual 
operation . 


Winter  Operating  Constraints 


In  a  climatic  region  such  as  the  Dundalk  upland  in 
which  the  Village  of  Markdale  is  located,  with  sub-zero 
temperatures  which  may  last  over  four  months,  operation  of 
an  infiltration  system  for  the  lagoon  effluent  during  the 
winter  months  could  pose  serious  difficulties.   Notable  con- 
cerns are  discussed  as  follows: 

1.  During  the  sub-freezing  temperature,  as  long  as  the 
inundation  period  is  continued,  there  is  little  danger 
(with  some  exceptions)  that  the  bottom  of  the  basin  may 
freeze  resulting  in  building  up  of  ice  and  snow.   Build 
up  of  ice  and  snow  would  disrupt  smooth  continuation  of 
the  operation  of  the  system. 

2.  Pump  failure,  or  basin  clogging  would  eventually  nec- 
essitate stoppage  of  the  basin  inundation  resulting  in 

accumulation  of  ice  and  snow. 

3.  A  severe  blizzard  accompanied  with  strong  winds  may 
generate  large  snow  drifts  into  the  infiltration  basin, 
thus  obstructing  continuous  operation.   Although  in- 
frequent, this  could  provide  a  seriously  disruptive 

condition. 

4.  Research  shows  that  application  of  waste  water  from  the 
stabilization  pond  did  not  prove  to  be  effective  for 
melting  snow  and  preventing  ice  accumulation.   There- 
fore, continuous  flooding  at  the  time  of  the  earliest 
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hard  freeze  might  provide  an  insulating  cover  of  snow 
thus  enabling  continuation  of  recharge  into  early 
winter.   This  would  be  possible  provided  that  snow 
would  not  accumulate  in  such  large  quantities  from  the 
blizzard  or  snow  drifts. 

5.  It  is  also  anticipated  that  a  greater  depth  of  waste 
water  in  the  infiltration  basin  would  be  advantageous 
during  the  early  winter  to  extend  the  infiltration 
period  under  the  ice.   Therefore,  if  the  flooding 
period  is  continued  at  least  one  month  beyond  the 
freezing  date,  the  necessary  winter  storage  of  waste 
water  would  be  less  than  four  months. 

6.  Because  of  freezing  soil  conditions  and  other  adverse 
weather  effects,  basin  cleaning  and  drying  in  the 
winter  will  not  be  practical.   If  the  infiltration  rate 
is  reduced  to  near  zero  while  water  remains  in  the 
infiltration  basins,  their  renovation  in  the  spring 
will  be  difficult.   The  remaining  water  would  have  to 
be  pumped  out  in  order  to  clean  the  basin  filters 
(Hore,  1980) . 

Considering  these  adverse  factors,  it  is  doubtful 
that  the  efficient  (if  any)  operation  of  the  system  during 
the  winter  months  can  be  accomplished. 
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INCLUSIONS 


1.  The  results  of  a  rapid  infiltration  study  of  sewage 
lagoon  effluent  renovation  with  an  infiltration  basin, 
carried  out  from  October  19  till  November  26,  1979, 
showed  that  wastewater  can  be  effectively  renovated  by 
this  method.   In  an  operational  system,  the  basin  would 
be  located  immediately  northwest  of  the  basin  used  in 
this  study,  but  generally  parallel  with  the  Rocky 
Saugeen  River. 

2.  An  infiltration  of  over  700  m/year  of  the  lagoon  eff- 
luent can  be  obtained  with  tentative  flooding  periods 
of  6  to  10  days  alternated  with  dry  up  periods  of  5  to 
6  days.   These  are  tentative  suggestions,  but  exper- 
ience gained  from  an  operational  system  would  provide 
data  for  optimal  and  more  firm  operational  schedules. 

3.  The  response  of  the  water  table  aquifer  beneath  the 
infiltration  basin  and  in  close  proximity  to  it,  en- 
abled an  evaluation  of  the  vertical  and  horizontal 
hydraulic  conductivity  of  the  aquifer.   The  values  of 
hydraulic  properties  of  the  shallow  aquifer  can  be  used 
in  the  design  of  an  operational  infiltration  system  to 
predict  underground  detention  times  and  water  table 
configuration  for  various  shapes  of  the  recharge  basin. 

4.  The  attenuation  processes  in  sand  and  gravel  deposits 
effected  complete  removal  of  dissolved  reactive  phos- 
phorous . 

5.  Free  ammonia  was  entirely  converted  into  total  Kjeldahl 
nitrogen  at  a  distance  of  less  than  40  m,  whereas  over 
4  0  percent     Kjeldahl  nitrogen  was  removed  or  con- 
verted into  nitrate  at  the  same  distance  from  the 
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recharge  basin.   Nitrate  concentrations  were  still 
relatively  high.   Short,  frequent  inundations  of  the 
basin  alternated  with  equally  long  dry  up  periods, 
would  probably  yield  the  most  complete  conversion  of 
nitrogen  in  the  effluent  water  to  nitrate  in  the  re- 
novated water.   This  short  inundation  period  may  be 
performed  when  the  need  for  it  arises. 

6.  The  renovation  processes  in  the  granular  materials 
yielded  almost  complete  removal  of  fecal  coliform 
bacteria  at  a  distance  of  about  60  m  from  the  recharge 
basin. 

7.  There  was  no  indication  of  gradual  clogging  of  the 
formation  at  depth,  although  a  thin  layer  of  sludge 
matter  gradually  accumulated  at  the  bottom  of  the 
infiltration  basin  thus  reducing,  to  some  degree  the 
recharge  rate.   With  periodic  "shaving  off"  and  the 
replacement  of  the  granular  material  at  the  bottom  of 
the  basin  a  rapid  infiltration  system  for  renovating 
sewage  lagoon  effluent  should  have  a  long,  useful  life 
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RECOMMENDATIONS 


Based  on  the  results  of  this  study  it  is  apparent 
that  the  approach  using  an  infiltration  basin  system  can  be 
utilized  on  an  operational  scale  for  tertiary  treatment  of 
sewage  lagoon  effluent.   However,  a  careful  evaluation  of 
the  present  sewage  flow,  15-to  20-year  projected  sewage  flow 
and  subsequently  required  storage  capacity  in  conjunction 
with  the  operational  mode  of  the  rapid  infiltration  system 
should  be  carefully  assessed  before  the  design  stage  is 
undertaken. 

In  the  light  of  some  uncertainty  with  respect  to 
lithological  conditions  in  the  study  area  (as  indicated  by 
geophysical  survey)  it  is  required  that 

At  least  three  test  holes  should  be  completed  into  the 
bedrock  in  order  to  obtain  more  accurate  information  as 
to  the  thickness  and  nature  of  the  overburden. 

The  data  obtained  may  clarify  any  possible  impact 
on  groundwater  use  in  the  area  (Markdale  municipal  wells). 
This  should  be  completed  before  the  desxgn  stage  is  under- 
taken. 

It  appears  that  the  most  favourable  area  (con- 
sidering just  the  area  between  the  river  and  CPR  tracks)  for 
the  establishment  of  an  operational  system  is  located  imm- 
ediately northwest  from  the  infiltration  basin  used  in  this 
study.   Additional  field  investigation  may  be  necessary  to 
confirm  that  this  prospective  area  consists  of  permeable 
sand  and  gravel  deposits.   This  could  be  accomplished  with 
the  help  of  a  backhoe . 


79 


However,  the  available  land  between  the  Rocky 
Saugeen  River  and  CPR  tracks  is  insufficient  to  accommodate 
the  entire  sewage  lagoon  effluent  in  an  operational  infil- 
tration system.   For  this  reason,  the  field  investigation 
should  also  include  an  assessment  of  the  availability  of  the 
additional  land  which  will  be  suitable  for  sewage  effluent 
treatment  by  rapid  infiltration.   The  property  immediately 
west  of  the  sewage  lagoon  appears  to  be  quite  promising. 

If  the  permanent  infiltration  system  is  installed, 
the  important  water  quality  parameters  should  be  monitored 
as  well  as  the  long  term  water  level  response  to  recharge. 
The  formation  clogging  aspects  should  also  be  studied. 
Underground  detention  time  should  be  monitored  along  with 
renovated  groundwater  "polishing"  by  biological  processes  in 
the  groundwater  discharge  area  in  the  wet  section  near  the 
river. 

It  is  suggested  that  the  municipality  engage  a 
consultant  for  the  expansion  of  the  sewage  works  based  on  a 
groundwater  recharge  approach  philosophy.   Data  collected 
during  this  study  and  presented  in  this  report  should  serve 
as  a  basis  for  the  design  of  an  operational  system  with 
infiltration  basins. 

The  consultant  should  work  closely  with  the  staff 
of  this  Ministry  in  view  of  the  innovative  nature  of  this 
treatment  method  and  to  ensure  that  all  concerns  are  ade- 
quately resolved  before  proceeding  to  final  design. 
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APPENDIX  A 

SUMMARY  OF  LITHOLOGICAL  LOGS  FOR 
OBSERVATION  WELLS  AND  TEST  PITS 


SUMMARY  OF  LITHOLOGICAL  LOGS  FOR  OBSERVATION  WELLS  AND  TEST  PITS 


bservation  Date       Ground 
ell  or  test  completed  elevation 
it         D.M.Y.     a.m.s.l. 
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Total  well  (pit)  depth  Depth  to  water 

Cm7  level  at  time 

At  time  of    On  April  19  of  completion 
completion     1980  (m) 
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7.0 


5.6 


5.20 
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3 
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Gravel ,  cobbles ,  silt 
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SUMMARY  OF  LITHOLOGICAL  LOGS  FOR  OBSERVATION  WELLS  AND  TEST  PfTS 


Observation  Date       Ground 
well  or  test  completed  elevation 
pit         D.M.Y.     a.m.s.l. 

(m) 


OW-6 


OW-7 


OW-8 


OW-9 


10/09/79   403.95 


10/09/79   403-90 


05/09/79   404.16 


05/09/79   404.04 


OW-10     10/09/79   403.90 


0W-11     15/08/79   403.68 


Total  we  11  (pit)  depth  Depth  to  water 

(m)  level  at  time 

At  time  of   On  April  19  of  completion 
completion     1980         (m) 


5.70 


5.34 


5.30 
5-30 
5.34 

3.40 


4.59 


4.82 


5.00 

5.4 

4.38 


3.5 


3.36 


3.31 


2.77 
3.76 
3.23 

3.26 


"Screen"  detai 1 s 
Length 

(m) 


Depth  to 
top 
(m) 


Li  tho logic  log 


4.70 


4.34 


4.30 

4.30 
4.34 

2.40 


.  0 


Depth 
(m) 


1.0     0  -  4.0 

4.0  -  5.8 

5.8  -  6.1 

1  .0     0-4.1 

4.1  -  5.9 

5.9  -  6.1 

1.0     0  -  5.5 

1 .0    0  -  5.5 

1 .0     0  -  4.0 
4.0  -  5.5 


0  -  2.4 
2.4  -  3.4 


Descri  pt ion 


Sand,  gravel ,  slight 

silt 

Sand,  gravel  ,  silt 

layer! ng 

Till,  clayey  silt, 

massive 

Sand,  gravel ,  slight 

silt 

Sand,  gravel ,  silt 

I ayer ing 

Till,  clayey  silt, 

massive 

Sand,  gravel ,  some 
cobbles ,  si ight  silt 

Sand,  gravel ,  some 
cobbles ,  si  ight  silt 

Sand,  gravel ,  slight 

silt 

Sand,  gravel ,  silt, 

clay  layers 

Gravel ,  cobbles,  sand 
minor  silt 
Sand,  medium  gravel, 
1 ight  silt 


00 


SUMMARY  OF  LITHOLOG1CAL  LOGS  FOR  OBSERVATION  WELLS  AND  TEST  PITS 


Observation   Date       Ground 
well  or  test  completed  elevation 
pit  D.M.Y.     a.m. 5.1. 

(m) 


"Screen11   detai  1  s 


OW-12  15/08/79       403-44 


0W-13 


5/08/79   402.31 


0W-14     1 5/08/79   401.90 


OW-15     20/07/79   402.81 


OW-16     20/07/79   402.75 


0W-17     20/07/79 


OW-18     10/09/79   405.53 


0W-19     20/07/79 


Total  well  (pit)  depth  Depth  to  water 

UBJ  level  at  time  Depth  to   Length 

At  time  of    On  April  19  of  completion  top 

completion      1980  (m)  (m)         (m) 


L  i  thol og  ic  log 


2,80 


2.70 


2.0 


2.10 


3.00 


3.00 


6.10 


3.90 


2.9 


2.7 


2.  18 


■  7 


2.5 


2-45 


5.65 


2.76 


2.55 

2.46 
1.44 

2.05 
1.81 

dry 

5-89 
dry 


1.7 
1  .0 

1.6 

2.0 
2.0 

5.1 
2.9 


Depth 
(m) 


Descr  i  pt  ion 


,0 


1  .0 


0.5 


1  .0 


1  .0 


0 
0.5 


0 , 5   Grave  1 ,  sand 
2.8   Gravel ,  sand  fine  to 
coarse,  mi  nor  silt 


0  -  2.7   Sand,  gravel ,  coarse 
very  si ight  silt 

0-1.5  Gravel ,  cobbles  wi  th 
sand ,  s  i 1 ty 
1.6  -  2.0  G rave i ,  very  silty 

0  -  1.7  Gravel ,  cobbles ,  silty 
minor  clay 
1*7  -  2.1   Gravel ,  silt,  sandy 

0  -  2.0  Gravel ,  cobbles,  silty 
wi  th  clay 
2.0  -  3.0  Gravel ,  sand,  silty 

0  -  1.4  Cobbles,  boulders  with 
gravel ,  sand ,  si  1 ty 
1.4  -  3-0  Sand,  fine  gravel ,  clean 

0-6.1   Sand,  gravel,  little 
to  no  silt 


•0      0  -  3-9   Sand,  gravel  coarse  with 

cobbles,  little  or  no  silt 


SUMMARY  OF  LITHOLOGICAL  LOGS  FOR  OBSERVATION  WELLS  AND  TEST  PITS 


Observation  Date      Ground 
well  or  test  completed  elevation 
pit         D.M.Y.     a.m.s.l. 

(m) 


Total  well  (pit)  depth  Depth  to  water 

(m)  level  at  time 

At  time  of   On  April  19  of  completion 
completion     1980  (m) 


'Screen"  detai 1 s 

Length 

(m) 


Depth  to 
top 

(m) 


Li tho logic  log 


Depth 
(m) 


Descr i  pt  ion 


OW-20     20/07/79 


OW-21     20/07/79   402.78 


OW-22     20/07/79   407-5^ 


GW-24     14/09/79   409-83 


TPB-1     20/07/79 


TPB-2     20/07/79 


TPB-5     20/07/79 


3-50 


2.70 


2.71 


3.50 


3-5 


3.9 


3-9 


2.  14 


2.86 


2.85 


dry 


2.23 


2.69 


3.12 


2.5 


backfilled    dry 


backfilled    dry 


backf i 1  led    dry 


1.7 


1.7 


2.5 


a 


1.0      0  -  2.7   Cobbles ,  boulders ,  coarse 
sand  and  gravel,  silt 
2.7  -  3.5  Gravel ,  coarse  with  silty 
sand 

1.0      0  -  1.5  Cobbles,  boulders  wi  th 
sand,  si  1 ty 
1.5  -  2.7  Sand,  gravel ,  little  silt 

1.0      0-2.3  Gravel ,  cobbles  sand 
2.3  -  2.7   Silt,  sandy,  dense 

2.7  -  3-9  Till,  clayey  silt 

1.0      0  -  3-5  Sand,  medium  with  gravel, 
si  ight  silt 

0-2.8  Grave  1 ,  cobbles ,  very 
s  i 1 ty  with  sand 

2.8  -  3.5  Silt,  sand,  clay 


0-2.1   Cobbles ,  boulders ,  coarse 
sand ,  gravel ,  s  i 1 ty 
2.1  -  3.9  Silt,  sandy,  dense 

0-2.0  Gravel ,  cobbles,  silty 
with  sand 
2.0  -  3-9  Gravel ,  coarse,  silty 


SUMMARY  OF  LITHOLOGICAL  LOGS  FOR  OBSERVATION  WELLS  AND  TEST  PITS 


Observation  Date       Ground  Total  we] 1  (pit)  depth  Depth  to  water     "Screen"  detai 1 s     Li tho logic  log 

well  or  test  completed   elevation           (Tn)  level  at  time  Depth  to  Length  Depth  Description 

pit  D.M.Y.      a.m. S.I.  At  time  of    On  April  19  of  completion      top 

(m)  completion      1980          (m)            (m)  (m)  (m) 


TPB-6     20/07/79 


TP-1 


29/10/79    403-9 


TP-2      29/10/79   ^02.06 


TP-3      29/10/79   400.60 


TP-k  29/10/79   402.32 


TP-5      29/10/79   402.78 


3.9 


2.5 


1.5 


1.0 


1.5 


IA 


backf i 1 1 ed  dry 

dry 


0-3-9  Gravel ,  cobbles,  with 
coarse  sand ,  s  i 1 ty 

0-0.3   Top  so i 1 ,  si  1 ty 
0.3  -  2.5  Sand,  grave  1  ,  occasionally 
s  i  1  ty 

0  -  0.4  Top  soi 1 

0.4  -  1.5  Gravel ,  sand,  coarse 

minor  silt  00 

00 

0  -  0.2  Top  soi 1 ,  si Ity 
0.2  -  1.0  Gravel ,  sand,  si Ity 
clayey 

0  -  0.36  Top  soil,  silty,  sandy 
0.36-  1.5   Sand,  gravel  ,  silt 

0  -  0-35  Top  soi 1 
0.35-  1.4  Gravel ,  sand,  silty, 
clayey 
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APPENDIX  B 


GRAIN  SIZE  ANALYSES  OF  SURFICIAL  DEPOSITS 


90. 


GRAIN  SIZE  DISTRIBUTION 

Study  of  sewage  lagoon  effluent  renovation  by  rapid  infiltration 


Project 


Location  of  Project 


Markdale 


Boring  No. 


Sample  No. 


Description  of  Soil 

Steve    Check 


Tested  By.  - 

Date  sampled:   October,  1979 


Depth  of  Sample 


Date  of  Testing 


January,  1980 
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80 


<u      60 

c 


c 
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0. 


40 


20 


Grave) 


Sand 


Coarse  to 
medium 


Fine 
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Silt 


U.S.  standard  sieve  sizes 
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o  o 

r-  CM 

o  £ 

z        z 


Clay 


jX 
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TT 
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1, 


K 


"C 
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T' 

-I 


m* 


o 

o 


•Si 

s 

o 

o 


§ 


Grain  diameter,  mm 


LEGS.  WD 

Test  pit  no. 

Depth 

(m) 

Symbol 

1 

0.61 

—  A 

1 

1.2  2 

— o — 

1 

1.83 

— • — 

Soil  Description 


Gravel  with  coarse  sand,  some  fines 
Gravelly  sand  with  some  fines 
Gravel  with  coarse  sand,  some  fines 
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GRAIN  SIZE  DISTRIBUTION 

Study  of  sewage  lagoon  effluent  renovation  by  rapid  infiltration 
Markdale 


Project 


Location  of  Project 


Description  of  Soil  

Steve   Check 


Tested  By, 


Boring  No.  

Depth  of  Sampl 
Date  of  Testing 


Sample  No. 


January,  19  80 


Date  sampled:   October,  1979 


100 


eo 


01 

60 

c 

,J 

c 

o 

o 

V, 

<D 

U. 

40 

20 


Gravel 


Sand 


Coarse  to 
medium 


Fine 


Silt 


U.S.  standard  sieve  sizes 


°  S  H 

t-  CM  If 


o 

z 


S       5 

z       z 


o 

z 


I 
o        o 


a     5 

z       z 


\ 


:u 


v 


:  a 


■> 


* 


«:;: 


\ 


i 


\ 


s 


© 


o  2  3    £ 

Grain  diameter,  mm 


Fines 


Clay 


1-3 


=1111] 


O 

P 

o 


LEGEND 
Test  pit  no, 
2 

3 


Depth  (m)    Symbol 
0.61       — •— 
0.46       — o— 


Soil  Description 


Gravel  with  coarse  sand,  some  fines 

Gravelly  sand  with  some  silt  and 
clay 
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GRAIN  SIZE  DISTRIBUTION 

Project  §£§£$&— SJ  sewage  lagoon  effluent  renovation  hy  rapid infiltration 

Location  of  Protect  Markdale Boring  No.  Sample  No.  

Description  of  Soil Depth  of  Sample  . 


Steve   Check 


Tested  By. 

Date  sampled:   October,  1979 


Date  of  Testing  January,    1980 


Grain  diameter,  mm 


LEGEND 
Test  pit  no 

4 

4 


Depth  (m) 
0.4 
0.73 
1.22 


Symbol 

—  A 


Soil  description 


Gravel  with  coarse  sand  some  fines 
Gravel  with  coarse  sand  some  fines 
Gravel  with  coarse  sand  some  fines 
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APPENDIX  C 


RESULTS  OP  GEOPHYSICAL  SURVEY 
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MINISTRY   OF    THE     ENVIRONMENT 

GEOTECHNiCAL    SERVICES    UNIT 

GEOPHYStCAL    SURVEY  -  VILLAGE     Of    MARKQALE 


FIGURE       2 
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APPENDIX  D 


SUMMARY  OF  WATER  WELL  RECORDS 


Ministry 
of  the 
Environment 


SUMMARY    OF    WATER    WELL    RECORDS 


Ontario 
County:  GREV 


Township (s):  &i_£fJ£i--& 


H/ 


Date  compiled:  /a*. 


■%o 


Southwestern    Region 

Technical    Support    Section 

985    Adelaide    St.   South  ,  London    N6E1V3 
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Co 
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Location   .s  shown    .r,    F.gure  FR  -  tresh  .  SA  -  salty     SU  -  sulphur  j    MN-mineral         DO-  domest  ic  ;  ST  -  stock  ;  IF)  -    irrigation  ;  IN  -  industry  ;  CO  -commercial  ;MU  -  municipal ; 

PS -public    supply  ;CA-  cooling  or  air  conditioning 

MOE  0488   11/7? 


Ontario 
County:  G^EV 


Ministry 
of  the 
Environment 


SUMMARY    OF    WATER    WELL    RECORDS 

IS 

Township(s):   Gu-ErO^1-^  Date  compiled:    * 


04 


'So 


Southwestern    Region 

Technical    Support    Section 

985    Adelaide    St.    South  ,  London    N6E  1V3 

Compiler:  w   Rjemkhe 


0 

3 
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a 
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Location 

m 

i" 
< 
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3 

5' 

* 
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Owner 

Driller 

Date               ~ 

drilled            q 

5' 

• 

■ 

Length    of 
casing, in    feet 

Well  depth, 
in    feet 

Depth    water 
found,  in    feet 

Original  static 
level,  in    feet 

Pumping         test 

5' 
a 

0 
t 

• 

SI 

« 

c 
M 
(» 
U 

Well     log    and    remarks 
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• 
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O 
0 

3 
O 

i 

a 
it 

O 

3 

Drawdown  , 
in  feet 

Pumping 
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Location  is  shown  in    Figure 

PS -public  supply  ;CA-  cooling  or  air  conditioning  . 
MflF    ndftK    11  /7R 


2  3 

.  PR  -fresh  ;  SA  -salty;  SU- sulphur  ;  MN-  mineral  .      DO -domestic;  ST  -  stock  ;IR-   irfigation  ;  IN-industry  ;  CO  -  commercial  ;MU-  municipal; 
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APPENDIX  E 

SUMMARY  OF  CHEMICAL  ANALYSES 
OF  GROUNDWATER 


SHEET    1-A 


Ministry     of     the 
Environment 


SUMMARY     OF     CHEMICAL     ANALYSES     OF    GROUNDWATER 


Ontario 

County:  GREY 


All   analyses  except   pH    reported  in  mgll  unless  otherwise    indicated 


Township(s):Q-£rJ£uG,  lot  95.  cotOl    uts.  R. 
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Date  compiled  :  /°*/%o   Compiler  i  n/  &em*J'£ 
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Location   is  shown   in    Figure   2    ;   N.D    -   Not   detected    ;   <  —   Refers  to  less   than   ;  1mg/l 

'•'OF.   3495    11/76       *    Filtered  through  glass  fiber   filter  paper   (2 


=   1  ppm  =  1  lb  J  100,000   Imp    gal     .   1  ^ug / 1  =    1  ppb. 

■nicrons")    except   for  phenol^  and   e?rbon?. 


SHEET    2 


Ministry    ot    the 
Environment 

Ontario 

County  :   GR-EY 


SUMMARY    OF    CHEMICAL    ANALYSES    OF     GROUNDWATER 

All    analyses    except    pH  reported    in    mg/l    unless    otherwise   indicated 
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MOE  0495  11/78   *  Filtered  through  glass  fiber  filter  paper  (2  microns)  except  for  phenols  and  carbons. 


SHEET    1-A 


Ministry     of    the 
Environment 


Ontario 

County:    Qfl£V 


SUMMARY     OF     CHEMICAL     ANALYSES     OF    GROUNDWATER 
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Location  is  shown  in   Figyre  I    ;  N.O    -  Not   detected    ;  <  -  Refers  to  les 

MOE  0495    11/76       *   Filtered  through  glass  fiber  filter 
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Location  is  shown    in   Figure  I    ;  N.D.-Not   Detected;  P  -  Present  ;<-  Refers  to  less    than  ;  1  mg/l=1  ppm=1tbMOO,000  Imp.  gal    ;  1/ig'l  =  1  ppb. 

MOE  0495  11/78  *  Filtered  through  glass  fiber  filter  paper  (2  microns)  except  for  phenol*  snd  carbons. 
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Location  is  shown    n   Figure   2    ;  N.O.  —  Not   delected   ; 

P/0F    D495    !l/7c       *   Filtered  through  glass 


<  -   Refers  to  less  than   ;  1  mg/|  =    I  ppm  =  lib  1100,000   Imp.  gal     ;  1/ig/l  =    1  ppb. 

fiber  filter  paper  (2  microns1)  except  for  ohenol^  ~r.i   carbons. 
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Location   Is  shown    in    Figure  1    ;    N.D.—  Not   Detected  ;  P  —  Present  ;<  —  Refers  to  less    than  ;  1  mg/l-1  ppm  =  1  lb)  100,000  Imp,  gal    ;  1/jg/l  =  1  ppb. 
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Location  is  shown   in    Figure     A    ;   N    0.  -   Not    detected   ,   <  -    Relers  to  less   than   ;  1mg/l 
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MOE  0495  11/78  *  Filtered  through  glass  fiber  filter  paper  (2  microns)  except  for  phenols  and  carbons. 
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Location  is  shown  In   Figure    I    ■   N    D    -  Not   detected    ;  <  -   Refers  to  less  than   ;  1  mg/l  =   1  ppm  =  1lbl100,000  Imp.  gal        1  ug/i  :    1  ppb. 
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Location  is  shown    in   Figure    Z.   j   N.D.—  Not   Detected;  P  -  Present  ;<  —  Refers  to  less    than  ;  1  mg/!  =  1  ppm=llb(  100,000  Imp.  gal    ;  1>ig'l  =  1  ppb. 

MOE  0495  11/78   *  Filtered  through  glass  fiber  filter  paper  (?  rstcronsl  except  for  phenol?  ?nd  cprbon?. 
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Location   is  shown   in    Figure   I        N    D    -  Not   detected    ;   <   -   Refers  to  less   than    .  Img/|:    1  ppm  =  11b  1 100,000    Imp    gal     .   Ijtg/|3    i  ppb 
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Location  is  shown    in   Figure  I   ;   N.D.-  Not   Detected  |  P  -Present;  <-  Refers  to  less    than  ;  1  mg/l=1  ppm=  llbMOO  ,000  Imp.  gal    ;  1>jg>l  =  1  ppb,      f* 
MOE   0495   11/78       *    Filtered   through  glass   fiber   filter   paper   (2  microtis)    except   for   phenol-   and   carbon*. 
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Vocation  is  shown    in   Figure    I  ;   N.D   -  Not   Detected  ;  P  -  Present;  <  -  Refers  to  less    than  ;1  mg/l-1  ppm=  1  lb  1 100,000  Imp.  gal    ;  1,ug/l  =  1  ppb.      O-  •*°-~?l*<J   <=~    fivtmtt''   ^>,  lq"'c, 

MOE  0495  11/78   *  Filtered  through  glass  fiber  filter  paper  (2  -nicrons1)  except  for  phenol."  and  carbon*. 
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MCE    j^9:  *    Filtered  through  glass  fiber   filter  paper   (  --or.-)   except   for  phenol?  and   carbon*. 
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Location  is  shown    in   Figure 

MOE  0495  11/78  * 


;  N.D.-Not   Detected;  P  -  Present  ;<  —  Refers  to  less   than  ;  1  mg/l-1  ppm=  11b!  100,000  Imp.  gal   ;  1>ig'l  =  1  ppb. 

Filtered  through  glass  fiber  filter  paper  (2  -icrons)  except  for  phenols  ?nd  carbons. 
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Location  is  shown  in  Figure  1     ;  N  .  D.  -  Not   detected    ;  <  -   Refers  to  less  than   ,  1  mg/l  =   1  ppm  =  11b  1 100,000  Imp.  gal    ;  l^jg/l  =    1  ppb. 
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SUMMARY    OF    CHEMICAL    ANALYSES    OF     SURFACE   WATER 
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Location  is  shown    in   Figure   1   ;  N,D.— Mot  Detected;  P  -  Present  ;<  —  Refers  to  less   than  ;  1  mg/l-l  ppm=llbf  100,000  Imp.  gal    •  *>ig/l  =  1  ppb. 
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Location  is  shown  in   Figure  1    ;  N  .  D    -  Not   detec"*^      <  -   Reters  to  less  than  ;  1  mq/ 1  =   1  ppm  =  1  lb  1 100  ,000   Imp    gal    ;   1  >jg/ 1  S    1  ppb 
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Location  is  shown    in   Figure  ^   ;   N.D.-Not   Detected;  P  -  Present ;  <- Refers  to  less   than  ;  1  mg/l=1  ppm=ilbf100,000  Imp.  gal    f  1/igM  *  1  ppb, 
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*OBS*    indicates    that    the     analysis    has    been     invalidated    because    of     interference      problems. 
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An   accompanying  *L*  or  *G*    indicates    that   the    actual    density   was    less  than   or    greater  than   the  number    reported. 
An   accompanying  *C*or  *A*     indicates    that    the    result    is  a    best    estimate    and    is    less    precise    than   other     determinations. 
*0BS*   indicates    that    the    analysis    has   been    invalidated    because    of     interference     problems. 
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location   is  shown  in   Figure   I  ;  <  -  Refers  to  less   than;  >-  Refers  to  greater  th«n. 
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location   is  shown   in   Figure  t;  <-  R^rs  to  less    than;    >-  Refers  to  greater  than. 
An    accompanying  *L*or*G*    indicates    that    the    actual    density    was    less  than   or    greater    than    the  number    reported. 
An    accompanying    c"or  *A*     indicates    that    the    result     is  a    best    estimate    and    is    less    precise    than    other     determinations. 
*OBS»    indicates    that    the     analysis    has    been     invalidated    because    of     interference     problems. 
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1Location   is  shown    in   Figure  ?  ;   <  -  Refers  to  less    than  ;   >-  Refers  to  greater  than. 
An    accompanying  *L*or  *G*    indicates    that   the    actual    density   was    less  than  or    greater   than   the  number    reported. 
An   accompanying  *c*  or  *A*    indicates    that   the    result    is  a    best    estimate    and    is    less    precise    than  other    determinations. 
*OBS*    indicates    that    the     analysis     has    been     invalidated    because    of     interference     problems. 
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SUMMARY    OF    BACTERIOLOGICAL    ANALYSES   OF   GROUNDWATER 

Number     ol      bacterial      colonies      per       100     ml 
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location    is  shown    ,n   Figure    1;  <  -  R««ers  to  less    than;   >-  Refers  to  greater   than. 
An    accompanying  "L*  or  "G"    indicates    that    the    actual    density   was    less  than   or    greater   than    the  number    reported. 
An    accompanying  V  °f   ***     indicates    that    the    result    .s  a    best    estimate    and    is    less    prec.se    than    other     determinations. 
*OBS*    indicates    that    the     analysis    has    been     invalidated    because    of     interference     problems. 
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SUMMARY    OF    BACTERIOLOGICAL    ANALYSES  OF  GROUNDWATER 

Number     of     bacterial      colonies      per       tOO     ml 
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location   is  shown   in   Figure  t  {  <  -  Refers  to  less    than;   >-  Refers  to  greater  than. 
An   accompanying  *L*or  *G*   indicates    that   the   actual    density   was   less  than  or    greater  than  the  number   reported. 
An  accompanying  *C*  or  *A*     indicates    that   the    result    is  a    best   estimate    and    is    less    precise   than   other    determinations. 
*OBS*    indicates    that    the     analysis     has    been     invalidated    because    of     interference     problems. 
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SUMMARY    OF    BACTERIOLOGICAL    ANALYSES   OF   GROUNDWATER 
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Location    is  shown    in    Figure    L; 


Refers  to  fess    tKan  ;   >-  Refers  to  greater   than. 


An    accompanying  "L*  or  "G''    indicates    that    the    actual    dens»ty    was    less  than  or    greater    than    the  number    reported. 

An    accompanying  "c"  or    V     indicates     that    the    result    is  a    best    estimate    and    is    less    precise    than    other     dete  rm  i  n  at  ions. 

*OBS*    indicates    that    the     analysis    has    been     invalidated     because    of     interference      problems. 
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SUMMARY    OF    BACTERIOLOGICAL    ANALYSES   OF   SURFACE   WATER 

Number     of      bacterial      colonies      per       100     ml 
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location    is  shown    ,n   Figure  1    ;   <  -  Refers  to  less    than  ;    >  -  Refers  to  greater   than 
An    accompanying  *L'  or  ,VG  *    indicates    that    the    actual    density    was    less  than   or    greater    than    the  number    reported 
An   accompanying    c"or   'V     indicates    that    the    result    is  a    best    estimate    and    is    less    precise    than    other     determinations. 
*OBS*    indicates    that    the     analysis     has    been     invalidated     because    of     interference     problems. 
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SUMMARY    OF    BACTERIOLOGICAL    ANALYSES  OF  SURFACE  WATER 
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'Location   is  shown    in   Figure  1  ;  <  -  Refers  to  less    than;   >-  Refers  to  greater  th,n. 

An   accompanying  *L*  or  *G*    indicates    that   the    actual    density   was   less  than   or    greater   than   the  number    reported. 
An   accompanying  *c"  or  *A*    indicates    that   the    result    is  a    best   estimate    and    is    less    precise   than  other    determinations. 
*OBS*   indicates   that    the     analysis    has    been    invalidated    because    of     interference     problems. 
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1Locat,on   is  shown    In    Figure  1   ;    <  -  Refers  to  less    than  ;    >  -  Refers  to  greater   than. 
An    accompanying  *L*cr"G*    indicates    that    the    actual    density    was    less   than    or    greaiei    than    the  number    repoMed. 
An    accompany.ng  "c"or   "A*     .nd.cates    that    the    result     is  a    best    estimate    and    is    less    precise    than    other     dete  r  m .  n  a  t  .ons. 
*OBS*    indicates    that    the     analysis    has    been     invalidated    because    of     interference      problems  - 
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